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WATER RESOURCES OF 
THE ST. LOUIS AREA, MISSOURI 


ABSTRACT 


Water supplies in the St. Louis area, Missouri, 
are available from streams and from bedrock and 
alluvial aquifers that underlie the region. Of the 1200 
million gallons of water used daily, about 82 percent 
is pumped from the Mississippi River and about 15 
percent from the Missouri and Meramec Rivers. 
Approximately two-thirds of this pumpage is used for 
cooling in the generation of electric power. The 
bedrock and alluvial aquifers account for 1 and 2 
percent of the total pumpage, respectively. 


The bedrock aquifers are primarily dolomite 
and limestone with one notable exception, the St. 
Peter Sandstone. Wells finished in these aquifers 
furnish water to 22 towns, 7 rural water-supply 
districts and most households not served by a central 
water supply. The principal bedrock aquifers are the 
St. Peter, the Roubidoux, the Gasconade, and the 
Potosi. 


Wells yielding more than 50 gpm (gallons per 
minute) of potable water can be developed in bedrock 
aquifers in the western one-third of St. Charles 
County, the extreme western part of St. Louis County, 
and the southwestern three-fourths of Jefferson 
County. In these areas, wells finished in the Potosi 
Dolomite have yielded a maximum of 500 gpm, while 
others finished in the Gasconade and Roubidoux 
Formations have yielded a maximum of 300 gpm. 
Yields of 140 gpm have been reported from wells 
tapping the St. Peter Sandstone. 


Only a small percentage of the water available 
in the alluvial aquifers of the area is being used. 
Areas having the greatest potential for development 
of ground water are in the Mississippi and Missouri 
River floodplains. Wells reportedly yielding as much 


as 3,000 gpm have been drilled in the Mississippi 
River floodplain in St. Charles County. A yield of over 
2,500 gpm has been measured from a well in the 
Missouri River floodplain. In the Meramec River 
floodplain, municipal and industrial wells at Valley 
Park are capable of yielding as much as 500 gpm, 
while a few miles downstream the city of Kirkwood 
has a collector well capable of pumping 2.6 mgd 
(million gallons per day). Water from the alluvial 
deposits generally is a very hard calcium-magnesium- 
bicarbonate type with iron and manganese content 
commonly being high. Saline water has moved 
upward from the underlying bedrock into the alluvial 
aquifers at Valley Park and Times Beach in the 
Meramec River valley and in the Mississippi River 
valley near St. Peters. This upward leakage may be a 
naturally occurring phenomenon, but part of it 
probably is through boreholes of abandoned deep 
wells or test holes. 


The median 7-day low flows of small unregulated 
tributary streams generally range from 0 to 0.005 cfs 
(cubic feet per second) per square mile in the northern 
two-thirds of the area and from 0.02 to 0.05 cfs per 
square mile elsewhere. These values can be as high as 
0.3 cfs per square mile in urban areas because of 
augmentation from sewage treatment plants. Because 
the natural low flow of many of these tributary 
streams is less than 0.5 cfs, an influx of poor-quality 
effluent, even though in small amounts, will be 
enough to seriously degrade the water quality in 
the stream. 


Except for larger streams such as the Meramec, 
Big, and Cuivre Rivers, storage facilities would be 
required to develop dependable surface-water supplies 
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in the tributary basins. The principal factors limiting 
future development will be a lack of natural sustained 
low flows and the quality of the water, which is often 
very poor in urbanized areas and requires extensive 
treatment prior to use. 


Flooding can occur in the area during all 
months, but is most common in the March-through- 
July period. Many of the larger floods on record 
were caused by intense, local summer thunderstorms. 
Analysis of data from an urbanized basin in the area 


indicates that peak flows are increased at least 
one-and-a-half to two times by significant urbanization. 


Quality of surface water varies from good in the 
tributary streams of southern Jefferson County to 
very poor in the highly urbanized areas. The major 
sources of surface-water supplies are the Missouri, 
Mississippi and Meramec Rivers. Except for water used 
for once-through cooling, extensive treatment of 
water from these streams is required prior to use for 
domestic and most manufacturing purposes. 


INTRODUCTION 


PURPOSE AND SCOPE 


A consistent pattern of rapid growth during the 
past two decades has increasingly concentrated people 
and activities around metropolitan areas such as St. 
Louis. This concentration has caused a multitude of 
problems with some of the most pressing being in the 
field of water resources, where coordinated planning 
is essential to optimum mangement. 


The purpose of this report is to summarize and 
interpret hydrologic data presently~ available for St. 
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the water resources of the area; and to relate water 
needs to available supplies. 


A generalized description of the hydrologic 
effects of urbanization in the area is also presented. 
Data now being collected on small urban and rural 
streams in St. Louis County will eventually provide 
more precise design data for use by urban planners 
and water managers. 
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Figure 1 


Location and physiography of study area. 
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GEOGRAPHY 


The study area (fig. 1) is in a part of eastern 
Missouri which includes the confluence of two of the 
nation’s largest rivers — the Missouri and the 
Mississippi. A diversity of land forms and drainage 
features are included in the area encompassed by 
St. Louis, St. Charles and Jefferson Counties. 

The area lies within two physiographic provinces. 
The northeastern two-thirds of St. Charles and St. 
Louis Counties and the extreme northeastern part of 
Jefferson County, adjacent to the Meramec River, lie 
within the Dissected Till Plains. The remainder of the 
area lies within the Salem Plateau of the Ozarks 
(Fenneman, 1946). 


The Dissected Till Plains is gently undulating, 
with altitudes ranging from 500 to 700 feet. The 
morainal topography seen over much of the adjacent 
glaciated areas is noticeably lacking here. This par- 
ticular area was glaciated twice during the Pleistocene, 
but the till deposits are thin and dissected. 


The topography developed in the Ozarks pro- 
vince of the study area is submature to mature. The 


WELL LOCATION SYSTEM 


Wells used in this report are located in accor- 
dance with the Bureau of Land Management Survey 
system, in this order: township, range, section, 
quarter section, quarter-quarter section and quarter- 
quarter-quarter section (10-acre tract). The sub- 


uplands may be broad flats, but are generally 
thoroughly dissected while most of the divides are 
narrow and irregular. Topographic slopes are locally 
reflections of the regional dip of from 60 to 80 feet 
per mile to the northeast. Variations in hardness of 
the Paleozoic rocks are shown by escarpments on the 
more resistant formations. These escarpments face 
southwestward, more or less parallel to the Ozark 
uplift (Marbut, 1896). Altitudes in the Ozarks range 
from 650 to 1,000 feet, except in the stream valleys 
where altitudes are from 400 to 650 feet. 


All runoff from the land surface in the area 
eventually reaches the Mississippi or Missouri Rivers 
through a network of tributary streams that form a 
dendritic drainage pattern (fig. 2). The floodplains of 
each of these two great rivers are as much as 11 miles 
wide in some places and are bordered by loess-covered 
uplands, 


Practically all of the area is shown on modern 
74-minute topographic maps (fig. 3). The balance 
has 15-minute topographic map coverage. 


divisions of a section are designated a, b, c, and d in 
counterclockwise direction beginning in the northeast 
quarter. If several wells are in a 10-acre tract, they 
are numbered serially after the above letters, and in 
the order in which they were inventoried (fig. 4). 


GEOLOGY 


It is beyond the scope of this report to describe 
in detail the stratigraphic and structural setting of the 
study area, It will be necessary, however, to acquaint 
the reader with the rock units and their structural 
attitudes so that references to these rocks as aquifers 


can be understood. Numerous published and unpub- 
lished stratigraphic studies have been made in this 
area and the reader is referred to these (Stout, 1969, 
p. 50-57) for more detailed geologic information. 
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Streamflow data-collection sites in the St. Louis area, Missouri. 
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Figure 4 
The welllocation system used in this report is a location. Subdivisions of the section are shown 
a shortened version of that normally used to describe by letters. 
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Table 1 


Generalized stratigraphic column for St. Louis, 


St. Charles, and Jefferson Counties, Missouri 


Aquifers most favorable as water sources are shaded 


Yields range 


Yields range 


Upper 


Thick- 
Aquifer ness Dominant 
System Serie: p Formation group feet litholog jater-bearing character 
juoiccene | . unt/ ‘ : Sand, gravel, silt, Some wells yield more 
g Seas and clay. than 2,000 gpm, 
Quaternary Pleistocene 0-110 Silt 
0-55 Pebbly clay and silt. Essentially not water 
yielding 
0-75 Shales, siltstones, Generally yields very 
| 0-90 | "dirty" sandstones, small quantities of 
Pennsylvanian | Desmoinesian Cherokee | 0-200 | coal beds and thin water to wells. 
Atokan limestone beds. Yields range from 
0-10 gpm. 
Argillaceous to 
0-180 arenaceous Limestone. 
| 0-110 | 
= eae — 
Mississippian | Osagean Bad Red limestone and shale |Yields small to moderate 
quantities of water to 
G-122 Limestone, dolomitic wells, 
limestone, shale, from 5 to 50 gpm, 
and siltstone. Higher yields are 
Sulphur Springs Limestone and sandstone] reported for this 
Devonian interval locally. 
ues. ase emg eee 
shale. 
Silurian 0-200 Cherty limestone. 
Maquoketa Shale 0-163 Silty, calcareous or Probably constitutes a 
dolomitic shale. confining influence on 
water movement. 
t 0-145 Massive limestone 
Formation H lied” ake 
Decorah Formation Shale with interbedded [yields small to moderate 
limestone, quantities of water to 
Plattin Formation 2 0-240 Finely crystalline wells, 
Champlainian limestone. from 3 to 50 gpa. 
Sees Pe ree 
some shale. probably acts as a 
Joachim Dolomite 0-135 Primarily argillaceous confining bed locally. 
es dolomite. 
Ordovician $ eter ne 90-160 
: Silty sandstone, cherty Yields moderate quanti- 
3 Limestone grading ties of water to wells. 
0-130 upward into Yields range from 
quartzose sandstone. 10-140 gpm, 
0-150 ields small to 
| 0-320 | Sandy and cherty large quantities of 
0-225 dolomites and water to wells. 
4& sandstone, Yields range from 10 
1: 0-177 to 300 gpm. 
7 0-280 part of aquifer group 
me yields only small 
amounts of water to 
S wells, 
Yields moderate to 
Cherty dolomites, silt- large quantities of 
Cambrian Elvins Derby-Doerun stones, sandstone, water to wells. 


and shale. 


.__ Dolomite 
Davis Formation 
Bonneterre Formatio: 


Yields range from 
10 to 400 gpm, 


Igneous and metamorphic 
rocks, 


Precambrian 


1/ Basal part may be of Pleistocene age. 


NOTE: Stratigraphic nomenclature may not necessarily be that of the U.S. Geological Survey. 


Does not yield water 
to wells in this area. 
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, and some tributary streams. 


Meramec and lower Big Rivers 


Missouri, 


Thickness of alluvium along the Mississippi, 
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STRATIGRAPHY 


The stratigraphic sequence consists primarily of 
limestone and dolomite which were deposited, for the 
most part, in shallow epicontinental seas. Rocks range 
in age from Precambrian to Holocene. A composite 
stratigraphic section showing these rocks and their 
water-bearing properties is given in table 1. The 
Precambrian rocks, the Lamotte Sandstone, and the 
lower part of the Bonneterre Formation are the 
only units that do not crop out in the area; they are, 
however, present in the subsurface. Many periods of 
emergence, nondeposition or erosion are implied by 
the disconformities and local unconformities observed 
in surface exposures and well data. These breaks in 
the stratigraphic record are shown in table 1 by wavy 
lines, 


Many of the stratigraphic units are not present 
locally; consequently, no wells penetrated all the 
formations shown in table 1. Formations penetrated 
while drilling a well depend on the geographic 
location. For example, wells drilled in southern 
Jefferson County start lower in the stratigraphic 
section and hence do not penetrate many of the 
formations shown in table 1. 


STRUCTURE 


The present structural attitude of the rock 
units is the result of compressional, tensional and 
uplifting forces which moved and altered the units 
from their original depositional positions. These 
forces have folded, fractured, faulted, and tilted 
the rocks in the study area, and the resulting 
structures are superimposed on a regional dip or 


The only deposits of Cenozoic age having 
significant water-yielding properties are the water- 
saturated sands and gravels in the alluvium. It is 
possible that the basal portion of part of the fill in the 
large valleys is actually of Pleistocene age (Bergstrom 
and Walker, 1956, p. 31). However, since no attempt 
has been made to differentiate the valley fill as to 
age in this report, it is referred to as alluvium. 

Alluvium underlying the floodplains and terraces 
of the Mississippi, Missouri and Meramec Rivers 
extends over 277 square miles in the three-county 
area. The thickness of the alluvium is variable because 
of irregularities in the bedrock surface upon which it 
was deposited. The maximum known thickness of 
alluvium (150 feet) was penetrated by a test hole 
drilled in the Columbia Bottoms near the mouth of 
the Missouri River, The areal extent and the thickness 
of the alluvium at selected points is shown in figure 5. 
The alluvium is composed of clay, silt,sand and gravel. 
In general, the alluvium becomes coarser-grained with 
depth. It is this deeply buried, coarser-grained material 
which, when well-sorted and water-saturated, com- 
prises the most water-productive part of the alluvial 
aquifer. 


large-scale tilting of the rock units of from 60 to 80 
feet per mile to the northeast. Figure 6 shows some 
of the major structures in the St. Louis area. 


The reader is referred to McCracken (1966) and 
Trapp (1961, unpublished data) for a more complete 
description of the structures in the St. Louis area. 


SOURCES OF WATER 


St. Louis, near the confluence of the Missouri 
and Mississippi Rivers, is well situated with respect to 
surface-water supplies. In addition, the area has the 
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benefit of the Meramec River, which carries a large 
flow of good-quality water to the Mississippi just 
south of St. Louis. These rivers furnish nearly all of 
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Major structural features of the St. Louis area Formation (based on McCracken and McCracken, 
and structural contours on the base of the Roubidoux 1965). 
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the water used in the three counties while their 
tributary streams are used for recreation or waste 
transportation. In addition to surface-water sources, a 
large amount of water is available to the area from 


GROUND WATER 


Large amounts of fresh water are stored in the 
bedrock and alluvium underlying the area. Water 
occurs in the bedrock along fractures and bedding 
planes as well as in solution openings in the limestone 
and dolomite, and in voids between the grains in 
sandstone. Shale is generally impervious to the 
movement of water and is usually not a source of 
supply. The availability of water from bedrock 
depends upon the amount of fracturing and solution 
which the rocks have undergone and the degree to 
which these openings are interconnected, Water in 


the underlying rocks. Though some ground water is 
too mineralized to use, much is fresh and of good 
quality. Little of the ground water in storage is used. 


the alluvium occurs in the openings between the 
individual sand and gravel particles of which the 
aquifer is composed. The availability of water from 
the alluvium depends upon the degree of sorting of 
the material, its saturated thickness, its hydraulic 
connection with a surface-water source, and infiltra- 
tion of rainfall. 


Locations of wells and test holes used for 
compiling hydrogeologic data for this report are 
shown on plate 1. 


AQUIFERS 


Most wells drilled into bedrock in the study 
area are left open below a certain casing depth. This 
casing depth is determined by the presence and 
degree of weathering, and by connections with 
surface-water sources. Individually, many of the 
rock units shown on table 1 yield only small 
amounts of water. Collectively, however, these units 
may yield sufficient water to supply the needs 
of most water users. For this reason, it was considered 
practical to treat large sequences of both water- 
bearing and non-water-bearing rocks as one large 
aquifer or aquifer group. The bedrock units are thus 
assigned to five groups based on similar lithologic 
characteristics, geographic distribution, and overall 
similarity of water quality. Also of prime importance 
are the presence of confining beds at aquifer group 
boundaries and the presence of thick sequences of 
rock which, although not to be considered confining, 
yield very little water to wells (see table 1). 


Group 1 (Post-Maquoketa) includes all bedrock 
units above the Maquoketa Shale, which probably 
acts as a confining bed in the study area. Pennsylvanian 
rocks at the upper boundary of Group 1 are 
relatively impermeable and yield very little water to 
wells, Group 2 (Kimmswick-Joachim) includes all 
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aquifers between the base of the Maquoketa For- 
mation and the base of the Joachim Formation. 
The Joachim is not considered to be a good aquifer 
in other parts of the state and, although it is not a 
confining bed, it probably does not yield water in 
quantities large enough for it to be considered an 
aquifer. 


Group 3 (St. Peter-Everton) includes the St. 
Peter Sandstone and the Everton Formation. Group 
4 (Powell-Gasconade) includes all units in the Canadian 
Series of Early Ordovician age. The lower part of the 
Everton Formation and the upper three units of the 
Canadian (Powell, Cotter, and Jefferson City Dolo- 
mites) are not prolific water-bearing units. Small 
supplies can be developed in these units, but they 
are subject to failure during extended periods of 
drought or sustained pumping. 


Group 5 (Eminence-Lamotte) includes all units 
below the base of the Gasconade Dolomite. The 
Eminence Dolomite is similar to the upper three 
units of the Canadian Series in its water-bearing 
characteristics and hence constitutes a good boundary 
marker between more prolific aquifers. Figure 7 is a 
geologic map showing the distribution of the aquifer 
groups discussed above. 
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Major alluvial aquifers in the area are the 
water-saturated sands and gravels in the basal part of 
the alluvium underlying the floodplains of the Missis- 
sippi, Missouri and Meramec Rivers. Water-bearing 
sands and gravels also underlie the floodplains of the 
Big River and other perennial streams of the area. 
Records of well yields from these relatively thin 
alluvial deposits are not available, but it is believed 
that yields would generally be small to conventional 
vertical wells because of less saturated thickness. 


The alluvial deposits are composed of varying 
proportions of clay, silt, sand, and gravel. The value 
of the alluvium as a source of water depends on its 
thickness and the size and sorting of the materials. 
The greater the proportion of clay, silt and fine sand, 
the poorer the aquifer would be. Conversely, well- 
sorted, clean sands and gravels would yield large 
quantities of water. 


GROUNDWATER RECHARGE 


The bedrock aquifers receive recharge from 
precipitation falling directly on the area. The amount 
of recharge from precipitation depends upon the 
general configuration and physical character of the 
land surface, the amount and type of vegetation, the 
distribution and quantity of precipitation, and the 
composition and moisture content of the soil and 
underlying rock. Movement of water from the soil 
and subsoil into the bedrock takes place along 
fractures and solution openings in the rock. 


In areas where bedrock is exposed at the 
surface, conditions are not as favorable for recharge 
as in areas where the bedrock is not exposed. 
Recharge to the groundwater reservoir in the bedrock 
outcrop area is minimal and almost all of the 
precipitation leaves the area directly as runoff. 
Shallow bedrock aquifers that are hydraulically con- 
nected with the rivers also receive recharge from 
natural infiltration of the rivers during sustained 
high-river stage and flooding. ; 


Alluvial aquifers in the area are recharged by 
infiltration of stream water during sustained high- 
river stage and flooding, by direct precipitation, 
and by underflow from underlying and adjacent 
bedrock. 

Recharge from precipitation to the hydro- 
geologically-similar East St. Louis alluvial area, ad- 
jacent to the study area, has been estimated to be 65 


Sources Of Water 


Because of the scour-and-fill method of depo- 
sition, alluvial deposits may vary considerably in 
sorting and texture within a small area. This is 
readily apparent in a comparison of geologic sections 
(fig. 8) of the Mississippi and Missouri Rivers with 
sections of the Meramec River. This variability 
points up the need for adequate test drilling prior 
to any large-scale development of ground water from 
the alluvium. 


Geologic logs of some of the more favorable 
sites for potential groundwater development in the 
alluvial areas are included in Appendix 1, and their 
locations are shown on plate 1. Geologic logs of many 
of the wells shown on plate 1 are available in the 
files of the Missouri Geological Survey and Water 
Resources. 


mgd (million gallons per day) for 175 square miles 
(Schicht, 1965, p. 46). Schicht also estimated the 
average rate of subsurface flow of water from the 
valley wall to be 329,000 gpd/mi (gallons per day per 
mile). If the Mississippi, Missouri and Meramec River 
alluvium in the study area were to receive recharge 
from precipitation at a rate comparable to that 
estimated for the East St. Louis area, it would 
amount to approximately 100 mgd. However, because 
pumpage from the alluvium is not sufficient to lower 
water levels and make more storage area available, 
not all of the potential recharge enters the aquifer. 

The sum of these sources, recharge from pre- 
cipitation and underflow from the underlying and 
adjacent bedrock, theoretically is the amount of 
water that can be pumped from the alluvial aquifers 
without causing an overdraft or recharge from the 
rivers. This information is presented only to show 
the magnitude of the potential yield from alluvial 
aquifers by natural recharge alone. 

An alluvial aquifer may also receive recharge 
from the river when large-capacity wells lower the 
water level in the aquifer so that the natural ground- 
water flow toward the stream is reversed. This causes 
water to move from the stream through the aquifer 
to the wells. Such induced recharge occurs in the 
Meramec River alluvium at Times Beach and in the 
Valley Park-Kirkwood area. Induced recharge un- 
doubtedly occurred in the Missouri River alluvium 
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Figure 9 


Potentiometric surface of the alluvial aquifer, Alton Lake Bottoms, St. Charles County, Mo., September 1970. 
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when the well field of the Weldon Springs Ordnance 
Plant was in operation (Emmett and Jeffery, 1968). 
Areas of induced recharge occur in the Mississippi 
River alluvium in Illinois (Schicht, 1965, p. 47) and 
in at least one location (Crystal City) in Missouri. 
Undoubtedly there are many other areas in the 
Mississippi River alluvium in Missouri where induced 
recharge could take place. If extensive development 
of the alluvial aquifers were to take place in the 


GROUNDWATER MOVEMENT 


The direction of groundwater movement can be 
determined for any specific time from the configura- 
tion of the groundwater surface on a potentiometric 
map. Such a map is shown in figure 9. Ground water 
moves in a direction that is down gradient and at 
right angles to contours on the potentiometric surface. 


Wells drilled into the bedrock aquifers in the 
study area encounter confined, or artesian, ground 
water. The hydrostatic pressure, or “head”, in these 
aquifers raises the water level in the well above the 
point where it was first encountered in drilling. 
Any movement of ground water is from areas of 
higher hydrostatic pressure to areas of lower hydro- 
Static pressure. 


Potentiometric maps of bedrock aquifers could 
only be constructed in geographically restricted 
areas because of the manner in which bedrock wells 
in the study area are constructed. In most instances 
wells penetrate more than one aquifer group and each 
aquifer group has a separate and distinct potentio- 


GROUNDWATER DISCHARGE 


Water recharged to the groundwater body 
moves down gradient in the direction of the slope of 
the potentiometric surface until it moves out of the 
study area or is discharged by natural or artificial 
means. Discharge is accomplished by evaporation, 
plant transpiration, discharge by springs, seepage 
into streams, or by pumpage from wells. Over long 
periods of time, discharge is balanced by recharge, 
and water levels are not drastically affected. 


Sources Of Water 


study area, sustained pumping would depend upon 
induced recharge from the rivers. 


Data were not available to determine induced 
infiltration rates of streams in the study area. 
However, Schicht (1965, p. 1), from analysis of 
aquifer tests in the East St. Louis, Ill. area, found 
that the infiltration rate of the Mississippi River bed 
ranged from 37,500 to 344,000 gpd/acre/ft (gallons 
per day per acre per foot). 


metric surface. It is probable, however, that some 
hydraulic connection exists between aquifer groups in 
the study area. Movement of ground water between 
aquifers due to head differences in the units occurs 
in areas where sufficient permeability exists at 
contacts between units. 


Movement of ground water in the alluvial 
aquifers is generally toward the major streams with 
which they are hydraulically connected (fig. 9), 
except where the movement is reversed during floods 
or sustained high-river stages, or by high-capacity 
wells pumping close enough to the river to induce 
recharge. An example of wells causing induced 
recharge is found in the Valley Park-Kirkwood area 
(fig. 10). 

The groundwater surface in the alluvial aquifer 
fluctuates in response to changes in the river stage 
and to variations in precipitation and pumpage from 
wells. Figure 8 shows maximum and minimum water 
levels measured in selected parts of the alluvial 
aquifers during this investigation. 


An undetermined amount of discharge from 
deeper aquifers into shallower aquifers is taking 
place in the study area. In areas such as Valley Park, 
where deep wells have been improperly cased or 
where casings have deteriorated, mineralized water 
from deeper aquifers has moved up into shallower 
horizons and, where head differences permit, some 
water is undoubtedly moving from shallow aquifers 
into deeper ones through wells. 
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Figure 10a 


Location of wells in the Valley Park-Kirkwood area. 
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90° 27'30" W.LONG. 


Potentiometric surface of the Valley Park-Kirkwood area alluvial aquifer: 
Figure 10b (top) May 1970. Elevation of the river at Valley Park is 402.5 feet. 
Figure 10c (bottom) July 1970. Elevation of the river at Valley Park is 391 feet. 
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Figure 11 


Most favorable area for development of high-yield wells in bedrock aquifers (differentiated by water quality and 
not by absence of high-yield aquifers). 
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WELL YIELDS AND AQUIFER CHARACTERISTICS 


All bedrock units are locally capable of yielding 
water in varying amounts to wells. Yields of wells 
are dependent, of course, on such factors as depth, 
length and diameter of the open hole; formations 
penetrated; geographic location (p. 10); structural 
attitude of the rock; and permeability of the aquifers 
tapped. Because of the stratigraphic complexity of 
this area and probable interformational movement of 
the water, it is difficult to define parameters which 
describe yield capabilities of individual aquifers. It 
is possible, however, to use data from wells penetrating 
various aquifer combinations to arrive at conclusions 
about the more important water-bearing units in the 
study area. 


A reliable measure of the productivity of a 
well is its specific capacity. This is the discharge of 
the well expressed as a rate of yield per unit of 
drawdown, generally in gallons per minute per foot 
of drawdown. 


Specific capacities and yields of wells penetrat- 
ing aquifers or groups of aquifers are shown in table 
2. Higher specific capacities for wells in bedrock 
are apparent in the western part of the study area 
and in the south-central part of Jefferson County 
because higher-yielding units are penetrated by the 
wells, On the average, wells penetrating Groups 3 
and 4 aquifers (St. Peter Sandstone through the 
Gunter Member of the lower part of the Gasconade 
Dolomite) had yields significantly higher (100+gpm) 
than wells finished in aquifer Groups 1 (Post- 
Maquoketa) or 2 (Kimmswick-Joachim) which were 
from 3 to 50 gpm. Many wells started in aquifers 
in Groups 1 or 2 and finished in aquifers in Groups 
3 or 4 had better yields than those actually finished 
in aquifers in Groups 1 or 2. The yields of wells 
Opened only to aquifers in Group 5 (Eminence- 
Lamotte) were inconsistent, ranging from less than 
10 gpm to as much as 400 gpm. 


Wells penetrating the St. Peter Sandstone of 
Group 3 aquifers, the Roubidoux and Gasconade 
Formations of Group 4 aquifers and the Potosi 
Dolomite of Group 5 aquifers consistently had 
higher yields than wells which did not penetrate 
these units. Figure 11 shows areas where water 
in these aquifers (or aquifer groups) was acceptable 
in quality and should be considered for future 


Sources Of Water 


development when high-yield groundwater supplies 
are needed. 


Yields of 500 gpm have been reported from 
wells in the Meramec River alluvium. In the Missouri 
River alluvium, a well in the old Weldon Springs 
Ordnance Plant well field was pumped at approxi- 
mately 2,600 gpm for 47 hours during an aquifer test 
(Emmett and Jeffery, 1968). According to Searcy, 
Baker and Durum (1952, p. 48), this well field 
consisted of 13 large-capacity wells on a 344-acre 
tract which supplied water from the Missouri River 
alluvium at a rate of more than 44 mgd. Discharge 
exceeding 3,300 gpm has been reported from irrigation 
wells in the Mississippi River alluvium. 


Specific capacities reported for wells in the 
Mississippi, Missouri and Meramec River alluvium 
are given in table 2. Durations of the tests are not 
known in all instances. However, these values can 
serve as an indication of the productivity of wells 
in the alluvial aquifers. 


Generally, high specific capacities indicate an 
aquifer with high transmissivity while low specific 
capacities indicate an aquifer with a low transmissivity. 


Two characteristics governing the value of an 
aquifer as a source of water are its ability to store and 
to transmit water. These two values can be measured 
by aquifer tests. 


For artesian (confined) aquifers, the storage 
coefficient may range from 0.00001 to 0.001. The 
storage coefficients of water-table aquifers range 
from about 0.05 to 0.30. 


The coefficients of storage and transmissivity 
were determined at two sites. These values are 
presented in table 2. The transmissivities at the two 
sites are virtually the same but the coefficients of 
storage indicate water-table conditions at the Weldon 
Spring site and artesian conditions at the St. 
Charles site. Available well logs and water-level 
measurements indicate that artesian or leaky artesian 
conditions prevail throughout most of the Mississippi 
River alluvium, 

Results obtained from these two tests are 
indicators of the hydrologic characteristics of the 
alJuvial aquifers. Any large-scale development of 
groundwater resources should be based on additional 
tests. 
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Table 2 


Summary of well data for the St. Louis area 


Specific 
Well Pusping Duration capacity Drav- 
City or Depth diameter Date of wate of vest (gpa/te down 
subdivision Owner Well location feet inches test hours, drawdown, feet Remarks: 
Bedrock aquifers 
City of De Sore 39-4-3add B00 w Aug. 1954 “465 4 9.3 50 Potosi Dolomite 
(Croup 5) 
; Burt Manor Nursing 39-5-20dda 310 6 ? 26 6 9.73 36 Lower part of 
Home, Gasconade Dolomite 
Eminence Dolomite 
(Groups & & 5) 
- Robert Schroeder 39-5-3idba 265 6 Jan. 1960 16 1 0.09 200 Jefferson City- 
Roubidoux 
(Group 4) 
- Blanche Combs 40-3-32 1950 6 1967 60 6 1.33 “as Bonneterre-Lapotte 
Trailer Court (Group 5) 
- Jefferson County 40-6- LT bdo 750 8 1955 68 “4 0.44 176 Cotter-Lower part of 
Meporial Hospital Gasconade 
{Group 4) 
- Mississippi River 40-6-22ade 1000 8 - 82 3 0.46 187 St. Peter-Upper part 
Fuel Corp. of Gasconade 
River Cement (Groups 3 & 4) 
° Dow Chemical Co. 41-6- Lidac 390 - 1956 Mo 2 0.98 “3 St. Peter-Everton 
(Group 3) 
City of Cedar = 42-3-25abb 902 8 May 1953 30 © 0.4 22 Cotter-Esineoce 
wilh (Groups 4 & 5) 
- Jefferson County 42-5-Jlbce 1200 8 1967 nO ea 1.63 80 Powell-Roubidoux 
Water District (Group 4) 
No. 9 
bn Beaumont Boy Scout 43-4-2bca 540 8 1950 so 4 0.44 3 Plattin-St. Peter 
Reservation (Groups 2 & 3) 
Briar-Clifft Leonard Small 43-4-L2bde 675 6 Sept. 1959 23 24 0.21 107 Kiaeawick-Everton 
Estaces Realty Co, (Groups 2 & 3) 
= Babler Stace Park G5-3-28bbd 1072 10 Aug. 1940 182 4 Lot 3 Joachia-§t. Peter 
(Groups 2 & 3) 
« Cc. Kaimann 46-7-20 655 6 Feb. 1936 120 4 0.89 35 Ste. Cenevieve~ 
Burlington 
(Group 1) 
S Atlas Powder Co. 46-3-2bddd Bl 6 Feb. 1941 3 3 0.07 200 Kineswick-St, Peter 
(Groups 2 & 3) 
Lake St. Louis - 4)-2-27 1375 é Mar, 1970 140 4 0.76 193 Plattin-Roubidoux 
(Groups 2, 3, & 4) 
City of O'Fallon Well mo. 3 47-3-20ada 1500 4 Oct, 1960 132 2 2,64 so Kinesvick-Upper part of 
Casconade 
(Groups 2, 3, & 4) 
- Monsanto Chesiical 47-3-Iece 1397 10 April 1967 183 24 0.53 wa Kiorsvick-Roubidoux 
Co. (Groupe 2, 3, & 4) 
City of O'Fallon Well Wo, 1 4T-3-29aaa 633 8 Sept. 1940 3s 24 0.25 22 Kinwawick-St. Peter 


(Groups 2 & 3) 


ee ee eee 
Mississippi River alluvius 


Portage des 48-6-L5bed 116 8 500 &y 48 10.5 10 screen 
Sioux 
= Blue Wing 47-4-Tebd wo uw 2000 
- Whistling Wing 47-4-11dba 80 1230 85 14,6 
: Lindberg & 48-3-35ebd 1066 2249 80 28 
Kenney 
: Oro Fare 47-3-hade 92 1690 105 16 
- Hermitage Club 47-3- Lada 106 16 1750 us 10 
- Webfoot Club 47-3-L2edd 3 1900 83 23° -Sa-ft screen 
St, Charles St, Charles 47-4-24 107 T+36,180 cubic feet per 
day per foot 
S=..0006 
- Portage Fares 48-5-23dad Ww? 26 Sept. 1963 1160 102 11.4 


ee EEE Se ee 
Missourd River alluviuw 
- Nr. Ambo 46-4-25dbe 102 le 1963 640 2 168 5 32-ft screen. Well 
not pumped at steady 
ta 


ood Mr. Smittle 46-5-17 96 2 600 Ja-ft screen 
> Mr. Twillman 46-4-28 83 12 900 0 Pe) 
od Weldon Springs 45-3- 18hee 10? us i967 2630 4a? Aquifer test. 136,160 
Ordnance Plant cubic feet per day 
per foot 
S=0.2 
Meramec River alluviun 
Valley Pack Valley Park 44-5- ladda, 63 18 Aug, 1949 504 24 72 7 15 fc of 18-inch screen 
Valley Park Valley Park 44-5~ 18dda 63 4 July 1949 504 2 3% “uw 15 ft of 18-inch sor 
Yield has increased to 
47 gpa/ft after treatwent 
for capacity loss. 
Valley Park Absorbent cotton 44-5-ledy 6) 16 May 1957 500 12 83 6 t5 fe of Lé-toch acreen 
gravel pack, 
Valley Park Ashland Chentcal S4-5- Licbd 59 6 Occ. 1959 303 - Loz 5 15 ft of lé-inch screen 
June 1964 334 : uit 5 gravel pack. 
Kirkwood Kirkwood No. 1 6-5-15 7 1 Dec. 1926 0 10 60 s 18 ft of 18-inch screen 
Kirkwood No. 2 tole $= 85 42 is Nov, 1927 230 19 83 3 20 ft of 18-inch 


concrete screen. 
— Ha ee 


CHEMICAL QUALITY OF GROUND WATER 


Most bedrock wells are constructed with several 
aquifers open to the well and, for this reason, it is 
not feasible to sample water from individual aquifers 
to determine their representative water-quality char- 
acteristics. Therefore, the discussion of chemical 
quality of water from bedrock will be by the five 
aquifer groups shown on figure 7. Quality of water 
from alluvial deposits will be discussed as Meramec 
River alluvium and as Mississippi-Missouri River 
alluvium. Only analyses of water from wells depicted 
on logs in the Missouri Geological Survey files were 
used in this study. 


The chemical quality of ground water in the 
study area is quite variable, ranging in dissolved-solids 
content from 122 to 17,500 mg/l (milligrams per 
liter), with the water varying from a_ calcium- 
magnesium bicarbonate to a sodium chloride, sodium 
sulfate, or a sodium bicarbonate type. At lower 
concentrations of dissolved solids, the calcium- 
magnesium-bicarbonate type of water generally is 
predominant and, as the dissolved-solids content of 
the water increases, the type of water is variable 
depending upon the source. At higher concentrations 
of dissolved solids the water is a sodium-chloride 
type. 

The source and significance of dissolved mineral 
constituents and properties of water are summarized 
in table 3. The values that were equal to or less than 
found in 75 and 50 percent of the samples from 
each aquifer group and from the alluvial deposits of 
the major streams are given in tables 4 and 5. 
Differences in the concentrations of various con- 
stituents are apparent, indicating certain factors 
which control water quality in the study area. 


The principal factors affecting groundwater 
quality in the area are the complex interrelations 
imposed by the lithology of the rock units; perme- 
ability of the rock units; the controls on water 
movement exerted by the geologic structure; the 
length of time water has been in the aquifer and the 
distance it has moved from the recharge area; the 
degree of flushing of entrapped saline water (connate 
water) from the rock units; and, in local areas, the 
works of man. 


The structural attitude of rock units in the 
St. Louis area exerts a pronounced effect on ground 
water recharge, discharge, and quality. Anticlinal 
features such as the Eureka-House Springs anticline 


Sources Of Water 


shown on figure 6 tend to be areas of recharge due to 
secondary permeability developed at their crests by 
fracturing and jointing. The synclines probably act 
as traps for mineralized water, and flushing progresses 
more slowly than elsewhere. Waters in these synclinal 
areas tend to be of poorer quality than waters from 
areas where more complete flushing has taken place. 
Structure contour maps and cross-sections of the 
area seem to substantiate the presence of synclinal 
traps in the Valley Park area and in T. 42 and 43 N., 
R. 6 E., in southeastern St. Louis County and north- 
eastern Jefferson County. Also, movement of highly 
mineralized water from deeper horizons up into 
shallower zones through old abandoned wells is 
probably occurring in the Valley Park area. 


Faults (fractures along which there has been 
movement of the two sides relative to one another) 
can act either as barriers to groundwater flow, when 
aquifers are faulted against impervious beds or the 
rocks have been recemented, or as open conduits for 
water if the rock is broken and fractured adjacent to 
the fault. When the fault zone is impervious, complete 
flushing of connate water in the aquifer might not 
be accomplished. If the fault zone is open, complete 
flushing of connate water takes place, and the more 
rapid circulation of water removes much of the 
soluble material. Fault zones which are accompanied 
by intense rock deformation, such as the area in 
southwestern Jefferson County in T. 39 N., R. 3 E., 
and 4, are locally important recharge areas. The 
Maxville fault in T. 43 N., R. 5 E., (fig. 6) acts as a 
barrier to the movement of water and retards flushing 
in the aquifer, 


In addition to the physical constraints that 
affect groundwater quality, man unfortunately creates 
many of his own problems. Effluents from improperly 
constructed septic tanks or from areas where the 
concentration of septic tanks is too great for the 
absorptive capabilities of the soil cover, and leakage 
from improperly constructed or improperly located 
sewage lagoons moves into the groundwater reservoir 
and contaminates the ground water. Drainage from 
improperly operated or improperly located sanitary 
landfills may also add large quantities of contaminants 
to the groundwater reservoir. 


The generalized groundwater-quality areas 
shown in plate 2, are based on a dissolved-solids 
content of less than 500 mg/l in or above the 
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Table 3 
SOURCE AND SIGNIFICANCE OF DISSOLVED MINERAL CONSTITUENTS AND PROPERTIES OF WATER 


Constituent or property 

Silica (SiO5) Dissolved from practically all rocks 
and soils, commonly less than 30 
mg/! High concentrations, as much 
as 100 mg/I, generally occur in 
highly alkaline waters. 

Dissolved from practically all rocks 
and soils. May also be derived 
from iron pipes, pumps, and other 
equipment. More than 1 or 2 mg/I 
of soluble iron in surface waters 
generally indicates acid wastes from 
mine drainage or other sources. 

Dissolved from some rocks and soils. 
Not so common as iron, Large 
quantities often associated with 
high iron content and acid waters. 

Dissolved from practically all rocks 
and soils, but especially from lime- 
stone, dolomite, and gypsum. Cal- 
cium and magnesium are found in 
large quantities in some brines. 
Magnesium is present in large quan- 
tities in sea water. 

Dissolved from practically all rocks 
and soils. Found also in ancient 
brines, sea water, industrial brines, 
and sewage. 


iron (Fe) 


Manganese (Mn) 
Caicium (Ca) and mag- 


nesium (Mg) 


Sodium (Na) and potas- 
sium (K). 


Bicarbonate (HCO,) and 
carbonate (cOo.) 


Action of carbon dioxide in water on 
carbonate rocks such as limestone 
and dolomite. 


Dissolved from rocks and soils con- 
taining gypsum, iron sulfides, and 
other sulfur compounds. Com- 
monly present in mine waters and 
some industrial wastes. 


Sulfate (SO 4) 


Chloride (C1) Dissolved from rocks and soils. Pres- 
ent in sewage and found in large 
amounts in ancient brines, sea 


water, and industrial wastes, 


Fluoride (F) 


Dissolved in small to minute quanti- 
ties from most rocks and soils. 
Added to many waters by fiuorida- 
tion of municipal supplies. 
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Forms. hard scale in pipes and boilers. Carried over in 


steam of high-pressure boilers to form deposits on 
blades of turbines. Inhibits deterioration of zolite- 
type water softeners. 


More than about 0.3 mg/I stains laundry and utensils 
reddish brown. Objectionalbe for food processing, 
textile processing, beverages, ice manufacture, brew- 
ing, and other processes. USPHS (1962) Idrinking- 
water standards state that iron should not exceed 
0.3 mg/l. Larger quantities cause unpleasant taste 
and favor growth of iron bacteria, 

Same objectionable features as iron. Causes dark brown 
or black stain. USPHS (1962) drinking-water stan- 
dards state that manganese should not exceed 0.05 
mg/l. 

Cause most of the hardness and scale-forming proper- 
ties of water; soap consuming (see Hardness). 
Waters low in calcium and magnesium desired in 
electroplating, tanning, and dyeing and in textile 
manufacturing. 


Large amounts, in combination with chloride, give a 
salty taste. Moderate quantities have little effect on 
the usefulness of water for most purposes. Sodium 
salts may cause foaming in steam boilers, and a high 
sodium content may limit the use of water for irri- 
gation. 

Bicarbonate and carbonate produce alkalinity. Bicarb- 
onates of calcium and magnesium decompose in 
steam boilers and hot-water facilities to form scale 
and release corrosive carbon dioxide gas. In combin- 
ation with calcium and magnesium they cause car- 
bonate hardness. 

Sulfate in water containing calcium forms hard scale 
in steam boilers. In large amounts, sulfate in com- 
bination with other ions gives a bitter taste to 
water. Some calcium sulfate is considered beneficial 
in the brewing process. USPHS (1962) drinking 
water standards recommend that the sulfate content 
should not exceed 250 mg/l. 

In large amounts in combination with sodium gives 
salty taste to water. In large quantities increases the 
corrosiveness of water, USPHS (1962) drinking- 
water standards recommend that the chloride con- 
tent not exceed 250 mg/l. 

Fluoride in drinking water reduces the incidence of 
tooth decay when the water is consumed during the 


period of enamel calcification. However, it may 
cause mottling of the teeth depending on the con- 


centration of fluoride, the age of the child, the 
amount of water consumed. and the susceptibility 
of the individual. The maximum concentration of 
fluoride recommended by the USPHS (1962) varies 
with the annual average of maximum daily air 
temperatures and ranges downward from 1.7 mg/I 
for an average maximum daily temperature of 10.0° 
C to 0.8 mg/I for an average maximum daily temp- 
erature of 32.5°C. Optimum concentrations for 
these ranges are from 1.2 to 0.7 mg/l. 


Nitrate (NO. 


Dissolved solids 


Hardness as caCo, 


Specific conductance (mi- 
cromhos at 25°C). 


Hydrogen-ion concentra- 
tion (pH) 


Color 


Temperature 


Suspended sediment 


Source or cause 


Decaying organic matter,legume 
plants, sewage, nitrate fertilizers 
and nitrates in soils. 


Chiefly mineral constituents dis- 
solved from rocks and soils. 


in most waters, nearly all the hard- 
ness is due to calcium and mag- 


nesium. All the metallic cations 
other than the alkali metals also 
cause hardness. 


Mineral content of the water. 


Acids, acid-generating salts, and free 
carbon dioxide lower the pH. Car- 
bonates, bicarbonates, hydroxides, 
phosphates, silicates, and borates 
raise the pH. 


Yellow-to-brown color of some water 
usually is caused by organic matter 
extracted from leaves, roots, and 
other organic substances. Color in 
water also results from industrial 
wastes and sewage. 

Climatic conditions, use of water as a 
cooling agent, industrial pollution. 


Erosion of land and stream channels. 
Quantity and particle-size gradation 
affected by many factors such as 
form and intensity of precipitation, 
rate of runoff, stream channel and 
flow characteristics, vegetal cover, 
topography, type and characteristics 
of soils in drainage basin, agricul- 
tural practices, and some industrial 
and mining activities. Largest con- 
centrations and loads occur during 
periods of storm runoff. 
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Significance 

Concentration much greater than the local average may 
suggest pollution. USPHS (1962) drinking-water stand- 
ards suggest a limit of 45 mg/I. Waters of high nitrate 
content have been reported to be the cause of meth- 
emoglobinemia (an often fatal disease in infants) and 
therefore should not be used in infant feeding. Nit- 
rate has been shown to be helpful in reducing the 
intercrystaline cracking of boiler steel. It encourages 
the growth of algae and other organisms which may 


cause odor problems in water supplies. 
USPHS (1962) drinking-water standards recommer.4 


that the dissolved solids should not exceed 500 mg/l. 
However, 1,000 mg/I is permitted under certain cir- 
cumstances. Waters containing more than 1,000 mg/I! 


of dissolved solids are unsuitable for many purposes. 
Consumes soap before a lather will form. Deposits 


soap curd on bathtubs. Hard water forms scale in 
boilers, water heaters, and pipes. Hardness equivalent 
to the bicarbonate and carbonate is called carbonate 
hardness. Any hardness in excess of this is called 
noncarbonate hardness. Waters of hardness up to 60 
mg/I are considered soft; 61-120 ma/I moderately 
hard; 121-180 ma/! hard; more than 180 mg/l! very 
hard. 

indicates degree of mineralization. Specific conductance 
is a measure of the capacity of the water to conduct 
an electric current. It varies with the concentrations 
and degree of ionization of the constituents, and 
with temperature. 

A pH of 7.0 indicates neutrality of a solution. Values 
higher than 7,0 denote increasing alkalinity; values 
lower than 7.0 denote increasing acidity. pH is a 
measure of the activity of hydrogen ions. Corrosive- 
ness of water generally increases with decreasing pH. 
However, excessively alkaline water may also attack 
metals. 

Water for domestic and some industrial uses should be 
free from perceptible color. Color in water is objec- 
tionable in food and beverage processing and many 
manufacturing processes. 


Affects usefulness of water for many purposes. Most 
users desire water of uniformly low temperature. 
Seasonal fluctuations in temperature of surface waters 
are comparatively large depending on the volume of 
water. 

Sediment must generally be removed by flocculation 
and filtration before water is used by industry or 
municipalities. Sediment deposits reduce the storage 
capacity of reservoirs and lakes and clog navigable 
stream channels and harbors. Particle-size distribution 
is a factor controlling the density of deposited sediment 
and is considered in the design of filtration plants. 
Sediment data are of value in designing river-develop- 
ment projects, in the study of biological conditions 
and fish propagation, and in programs of soil conser- 
vation and watershed management. 


1Public Health Service Drinking Water Standards,” revised 1962, apply to drinking water and water-supply systems used by 
carriers and others subject to Federal quarantine regulations. 
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Table 4 


Comparison of 75 percentile values of chemical 
constituents dissolved in water from each aquifer group 


Constituent 


Silica (Si02)------- 
Iron (Fe)----------- 
Manganese (Mn)------ 
Calcium (Ca)-------- 
Magnesium (Mg)------ 
Sodium (Na)--------- 
Potassium (K)------- 


Bicarbonate plus 
carbonate (HC03+C03). 


Sulfate (S0,)------- 
Chloride (Cl)------- 
Fluoride (F)-------- 
Nitrate (NO3)------- 


Dissolved solids 
(residue at 180°C). 


Hardness as CaC03--- 


Specific conductance 
(micromhos at 25°C). 


aquifer group indicated by the number designation 
of the area. For example, a well drilled in area 3 
could expect potable water in all aquifers through the 
St. Peter Sandstone and Everton Formation. 


BEDROCK AQUIFERS 
GROUP 1 (POST-MAQUOKETA) AQUIFERS 


Water from Group 1 aquifers varies from a 
calcium-magnesium-bicarbonate type to a sodium- 
sulfate, sodium-bicarbonate, or a sodium-chloride 
type. The dissolved-solids content is quite variable, 
ranging from 246 to 6,880 mg/l. The water is generally 
low in iron and very hard (Hem, 1970, p. 225). 
Slightly more than 75 percent of the wells sampled 
yielded water containing less than 0.3 mg/l of iron. 
Hardness of water from most of the wells was greater 
than 180 mg/l. Fluoride content of the water is rela- 
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Alluvium 
Mississippi and 
Missouri Rivers 


Alloviua 
Meramec 
River 


tively high. In 50 percent of the samples, the fluoride 
content was greater than 1.4 mg/l. The analyses 
of water from 99 wells are summarized in table 
6, and selected analyses of water from Group 1 
aquifers are given in appendix 2. Locations of the 
wells are shown on plate 1 and some analyses are 
shown graphically on plate 2. 


The data given in table 6 indicate that just over 
50 percent of the wells sampled yielded potable 
water. These wells are, for the most part, near the 
outcrop line of Meramecian Series rocks (St. Louis, 
Salem, and Warsaw Formations) of Mississippian 
age, and, based upon the 25 percentile values, they 
yield predominantly calcium-magnesium-bicarbonate 
type of water. The higher dissolved-solids contents in 
water from Group 1 aquifers are from an area just 
north and northwest of the city of St. Louis in St. 


Silica ($i02)------- 


Iron (Fe)----------- 


Magnesium (Mg)------ 
Sodium (Na)-~-------- 
Potassium (K)------- 


Bicarbonate plus 


Sulfate (S0,)------- 
Chloride (Cl)------- 
Pluoride (F)-------- 
Nitrate (N03)------- 
Dissolved solids 


Hardness as CaC03-- 
Specific conductance 


Louis County, and in extreme southeastern St. 
Louis County. Water in these areas generally is a 
sodium-chloride type, but it may also contain large 
amounts of calcium and sulfate. Variations in the 
predominant chemical characteristics between the 
calcium-magnesium-bicarbonate type and the sodium- 
chloride type are presumably related to the effects of 
geologic structure, the movement of water from 
overlying or underlying formations into Group 1 
aquifers, and to the presence of certain minerals in 
the parent rock. 


Waters having a high sulfate content are, for the 
most part, limited to the area underlain by rocks of 
Pennsylvanian age. These rocks comprise shales, 
sandstones, and siltstones that locally have minor 
amounts of pyrite and gypsum. These fine-grained 
rocks are relatively impermeable; however, over a 
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large area, they could yield enough seepage to explain 
some of the sulfate anomalies in the study area. 
In northeastern St. Louis County, high concentrations 
of sulfate coincide with the Cheltenham syncline 
(Fenneman, 1911, fig. 5), and, according to Trapp 
(1961), the sulfate/chloride ratios indicate that water 
with a higher sulfate content is moving upward 
from lower stratigraphic horizons. A persistent zone 
at the base of the St. Louis Limestone has thin 
stringers of gypsum that could contribute minor 
amounts of sulfate to the ground water in this part 
of the study area (Owens, 1960). 


In southeastern St. Louis County, the chemical 
character of the water changes from a predominantly 
calcium-magnesium-bicarbonate type to a sodium- 
bicarbonate type, and, farther downdip, to a sodium- 
chloride type. The sodium-bicarbonate type of water 


Table 5 


Comparison of 50 percentile values of chemical 
constituents dissolved in water from each aquifer group 


carbonate (HC03+C03). 


(residue at 180°C). 


(micromhos at 25°C). 


wee wwe wenn nn ee eee 


Alluviue 
Mississippi and 
Missouri Rivers 
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Figure 12 
Distribution of chloride in Group 1 (Post-Maquoketa) aquifers. 


evidently is a result of base-exchange — a process in 
which calcium and magnesium ions in the water are 
replaced by sodium ions. The minimum values shown 
on table 6 for calcium and magnesium are for 
analyses of water from this area. 


Both of these areas of high dissolved solids 
coincide with synclinal or anticlinal structures de- 
veloped in the rocks. The area in eastern St. Louis 
County coincides with the northern part of the 
Cheltenham syncline, the Florissant dome and the 
Twelfth Street anticline, and the area in southeastern 
St. Louis County coincides with a troughlike de- 
pression which is apparent on structural maps prepared 
by Trapp (1961). Figure 12 is a map showing the 
generalized distribution of chloride in Group 1 
aquifers. It is possible that groundwater circulation is 
extremely poor in these areas and the high chloride 
water has not been flushed from the aquifers. 
However, it is more probable that mineralized water 
has moved into some of the structures from deeper 
horizons or from adjacent gas- and oil-bearing rocks. 


High concentrations of iron were found in 
water from many areas (fig. 13). Although the 
reasons for the high iron content are not known, the 
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same form of geochemical control is probably respon- 
sible for all of the high values in the study area. 


The high fluoride values in. water from this 
group could result from solution of fluorite in the 
aquifers. However, increases in fluoride concentration 
have been noted in other parts of the State accom- 
panying encroachment of saline water. 


GROUP 2 (KIMMSWICK-JOACHIM) AQUIFERS 


Water from wells that bottom in Group 2 
aquifers range in dissolved-solids content from 207 to 
17,500 mg/l, with 75 percent of the samples con- 
taining less than 621 mg/l (table 7). At the higher 
levels of dissolved solids, the waters are a sodium- 
chloride type. The waters generally are low in 
iron content; 68 percent of the samples analyzed 
contained less than 0.3 mg/l. Hardness of the water 
ranges from 128 to 1,270 mg/l. The fluoride content of 
75 percent of the samples analyzed was less than 
1.4 mg/l. The analyses of water from 57 wells are 
summarized in table 7. Twenty of these analyses 
were from wells that are open only to Group 2 
aquifers. The remainder of the analyses are from 
wells open to Group 1 and Group 2 aquifers. Selected 
analyses of water from Group 2 aquifers are given in 


Table 6 


Maximum, minimum, and 25, 50, 75 percentile values for 
constituents in water from Group 1 (post-Maquoketa) aquifers@/ 


Constituent 
Silica (Si02)------ 
Iron (Fe)---------- 
Calcium (Ca)------- 


Magnesium (Mg)----- 
Sodium (Na)-------- 


Bicarbonate plus 
carbonate (HC03+C03). 


Sulfate (S$04)------ 
Chloride (Cl)------ 
Fluoride (F)------- 
Nitrate (N03)------ 


Dissolved solids 
(residue at 180°C). 


Hardness as CaC03 -- 


a/ Data based on analyses from 99 wells, 


Percent of Samples 
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Areas in which iron concentrations in ground water from bedrock aquifers are in excess of 0.3 milligrams per liter. 
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Table 7 


Maximum, minimum, and 25, 50, 75 percentile values for 
constituents in water from Group 2 (Kimmswick-Joachim) aquifers?/ 


Constituent 
Silica ($i02)------ 
Iron (Fe)---------- 
Calcium (Ca)------- 
Magnesium (Mg)----- 
Sodium (Na)-------- 


Bicarbonate plus 
carbonate (HC03+C03). 


Sulfate (S04)------ 
Chloride (Cl)------ 
Fluoride (F)------- 
Nitrate (N04)------ 


Dissolved solids 
(residue at 180°C). 


Hardness as CaC03-- 


a/ Data based on analyses from 57 wells. 


appendix 2. Locations of the wells sampled are shown 
on plate 1, and a few analyses are shown graphically 
on plate 2. 


Approximately 64 percent of the wells sampled 
in Group 2 aquifers yielded potable water. These 
potable waters generally are a calcium-magnesium- 
bicarbonate type, but a comparison of the 50 and 
75 percentile values in table 7 shows significant 
increases in sodium, sulfate, and chloride with higher 
dissolved-solids content, indicating that the chemical 
character of the water is changing to a sodium- 
sulfate or sodium-chloride type. 


Water from wells adjacent to the Meramec 
River in T. 44 .N., R. 4 and 5 E., in the Valley Park 
area, and in T. 42 N., R. 6 E., in Jefferson County, 
had a higher dissolved-solids content. The wells in 
the Valley Park area are in a synclinal structure 
that may still contain connate water. Some of the 
mineralized water is moving from deeper horizons, 
either through natural fractures or through abandoned 
well bores. The area in Jefferson County is in the 
vicinity of the Maxville fault and it may not be 
completely flushed of connate water. Wells in areas 
to the north and northeast where Group 2 aquifers 


(data in milligrams per lite 


Percent of Samples 
| 75 T5025 | Minicoum 


207 


are more deeply buried undoubtedly yield saline 
water. Figure 14 shows the generalized distribution 
of chloride in Group 2 aquifers. 


GROUP 3 (ST. PETER-EVERTON) AQUIFERS 

The chemical characteristics of water given 
here represent a composite of waters from the St. 
Peter Sandstone and Everton Formation and from the 
overlying aquifer groups. Of the 63 analyses of water 
from wells bottoming in aquifer Group 3, one well 
derived its water solely from this group. The location 
of the wells sampled are shown on plate 1, and 
selected analyses are shown graphically on plate 2. 
Because of the mixing of water from the different 
aquifer groups, the chemical characteristics shown 
for Group 3 water are similar in many respects to 
those for the overlying groups. However, some 
differences do exist. The summary of analytical 
data in table 8 shows the water to be generally a 
calcium-magnesium-bicarbonate type. Dissolved-solids 
content ranges from 264 to 7,270 mg/l, with 
75 percent of the samples containing less than 475 
mg/l. Hardness of the water ranges from 30 to 
1,420 mg/l, and the iron and fluoride contents 
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Figure 14 
Distribution of chloride in Group 2 (Kimmswick-Joachim) aquifers. 


32 


Sources Of Water 


Table 8 


Maximum, minimum, and 25, 50, 75 percentile values for 
constituents in water from Group 3 (St. Peter-Everton) aquifers4/ 


(ata in milligrams per Liter 


Constituent 
Silica (Si02)-------- 
Iron (Fe)------------ 
Calcium (Ca)--------- 
Magnesium (Mg)------- 
Sodium (Na)---------- 


Bicarbonate plus 
carbonate (HC04+C03) 


Sulfate (S04)-------- 
Chloride (CL)-------- 
Fluoride (F)--------- 
Nitrate (N03)-------- 


Dissolved solids 
(residue at 180°C). 


Hardness as CaC03---- 


Percent of Samples 
Minimum 


a/ Data based on analyses from 63 wells. 


generally are moderate. A comparison of the 75 
percentile values of water from Group 1, 2, and 3 
(tables 6, 7, and 8) shows that water from Group 3 
generally is less mineralized than water from Groups 
1 and 2 indicating that most of the wells bottoming 
in Group 3 aquifers derive their water from the St. 
Peter Sandstone and Everton Formation. 


Most of the wells that yielded water with a high 
dissolved-solids content are located in or near the 
water-quality problem areas discussed for Groups 1 
and 2. Distribution of chloride concentrations in 
water from Group 3 (Everton-St. Peter) aquifers is 
shown on figure 15. These chloride values are not as 
high as would be expected from connate water and 
they evidently are a result of leakage of more 
mineralized water from underlying or overlying for- 
mations. 


GROUP 4 (POWELL-GASCONADE) AQUIFERS 

Water from Group 4 aquifers generally is a 
moderately mineralized, calcium-magnesium-bicar- 
bonate type in and near areas of outcrop. In eastern 
St. Charles, eastern St. Louis, and northeastern 
Jefferson Counties, where the rocks are deeply 


buried, the aquifers yield a highly mineralized, 
sodium-chloride type of water. The dissolved-solids 
content ranges from 256 to 9,970 mg/l. The water 
is generally low in iron and very hard. More than 
75 percent of the wells sampled yielded water 
containing less than 0.3 mg/l of iron. The fluoride 
content of the water from Group 4 aquifers is 
relatively low; however, 25 percent of the samples 
analyzed contained more than 1.5 mg/l. Analyses 
of water from 48 wells are summarized in table 9. 
Many of these analyses are for water from Group 
4 aquifers only; however, several of the wells are 
also open to the aquifer groups previously discussed. 
Selected analyses of water from Group 4 aquifers are 
given in appendix 2. Locations of the wells sampled 
are shown on plate 1 and selected analyses are shown 
graphically on plate 2. 


Areas where Group 4 aquifers yield potable 
water are limited to the southern and western parts 
of the study area (pl. 2). Within this area, the water 
is predominantly a_ calcium-magnesium-bicarbonate 
type. In the vicinity of De Soto, however, water 
from this aquifer group has a higher dissolved-solids 
content and contains significant quantities of sulfate. 
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Figure 15 
Distribution of chloride in Group 3 (St. Peter-Everton) aquifers. 


The reason for the higher sulfate content in this area 
may be the oxidation and subsequent solution of 
sulfide minerals occurring locally. 


Wells yielding water with a high chloride 
content are located just north of Herculaneum, 
adjacent to the Mississippi River in Jefferson County 
and in the Valley Park area in St. Louis County 
(fig. 16). The wells north of Herculaneum are 
located on the downthrown side of a fault, and it is 
probable that connate water has not been flushed 
from the aquifers here. In the Valley Park area, 
these aquifers contain highly mineralized water and 
they are presumed to be the source of mineralized 
water in the overlying formations. Wells in Valley 
Park that were drilled into these aquifers flowed at 
the surface. Some of these wells were abandoned. 
One of the wells is still flowing, indicating that the 
hydrostatic pressure is sufficient to move the min- 
eralized water upward into the other formations. 


GROUP 5 (EMINENCE-LAMOTTE) AQUIFERS 
Potable water in Group 5 aquifers is limited to 
the southern third of the study area. Farther to the 
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north and northeast these rocks are deeply buried 
and contain highly mineralized water (pl. 2). The 
results of chemical analyses of water from 24 
wells are summarized on table 10, and selected 
analyses are given in appendix 2. Locations of the 
wells sampled are on plate 1, and selected analyses 
are shown graphically on plate 2. The dissolved-solids 
content of water from wells in Group 5 aquifers 
ranged from 279 to 13,500 mg/l, the lower values 
characteristic of water from wells near the outcrop 
and the higher values characteristic of water downdip. 

The water is very hard and generally is low in 
both iron and fluoride content. Values given for the 
50 and 25 percentiles on table 10 indicate the 
calcium-magnesium-bicarbonate character of the water 
at the lower dissolved-solids contents. A comparison 
of the 50 and 75 percentile values shows that increases 
in dissolved-solids content in excess of about 400 
mg/l are due principally to increases in the sodium 
and chloride contents. Although the 50 and 25 
percentile values emphasize the calcium-magnesium- 
bicarbonate character of the water, minor variations 
in the concentrations of other constituents can be 
expected because of the influence of water from 
overlying aquifers which may be open to the well. 


Table 9 


Maximum, minimum, and 25, 50, 75 percentile values for 
constituents in water from Group 4 (Powell-Gasconade) aquifers4/ 


Silica (Si09)-------- 
Iron (Fe)------------ 
Caletum (Ca)----~-~-~ 
Magnesium (Mg)------- 
Sodium (Na)---------- 
Potassium (K)-------- 


Bicarbonate plus 
carbonate (HC03+C03). 


Sulfate (S04)-------- 
Chloride (Cl)-------- 
Fluoride (F)--------- 
Nitrate (N03)-------- 


Dissolved solids 
(residue at 180°C). 


Hardness as CaC)3---- 


a/ Data based on analyses from 48 wells. 


ata in milligrams per lite 


p75 50 25 Minimum 


Percent of Samples 
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Figure 16 
Distribution of chloride in Group 4 (Powell-Gasconade) aquifers. 


ALLUVIAL AQUIFERS 


MISSISSIPPI! AND MISSOURI RIVER ALLUVIUM 


Water from alluvial deposits along the Mississippi 
and Missouri Rivers has fairly uniform chemical 
characteristics, except that it varies widely in dis- 
solved-solids content. The water generally is a calcium- 
magnesium-bicarbonate type and locally may contain 
sighificant quantities of sulfate. The iron and man- 
ganese contents commonly are high, and the water is 
very hard. Complete analyses are given in table 2, 
appendix 2. Locations of the wells are shown on 
plate 1 and selected analyses are shown graphically 
on plate 2. The maximum and minimum values and 
the values which were equal to or less than that 
found in 75, 50, and 25 percent of the samples 
analyzed are given in table 11. These data emphasize 
the calcium-magnesium-bicarbonate character of the 
water. A comparison of the 75 percentile values with 
the maximum values shows that the near-maximum 
values for sodium, chloride, and nitrate are unusual. 
The maximum value for nitrate probably is a result 
of contamination from a surface waste source. The 
maximum values for sodium and chloride are thought 


Sources Of Water 


to result from the infiltration of saline water from a 
nearby flowing deep well. 


Areal variations in the chemical character and 
dissolved-solids content of the water are indicated 
by the graphical representation of selected analyses 
in plate 2. These bar diagrams emphasize the pre- 
dominant calcium-magnesium-bicarbonate character 
of water in most of the area. Except for wells 47-4-30b 
and 48-7-33d, variations in the chemical character 
and dissolved-solids content of the water appear to be 
random and are probably caused by variations in the 
chemical composition of the aquifer material, by the 
length of time the water has been in contact with the 
aquifer material, and by the differences in perme- 
ability of the aquifer. 


MERAMEC RIVER ALLUVIUM 


Water from alluvial deposits along the Meramec 
River generally is a calcium-magnesium-bicarbonate 
type. However, in local areas, principally Valley 
Park and Times Beach, some wells yield a sodium- 
chloride type of water. For the most part the water is 
moderately mineralized. Dissolved-solids content 


Table 10 


Maximum, minimum, and 25, 50, 75 percentile values for 
constituents in water from Group 5 (Eminence-Lamotte) aquifers3/ 


Constituent 
Silica (Si0j)-------- 
Iron (Fe)------------ 
Calcium (Ca)--------- 
Magnesium (Mg)------- 
Sodium (Na)---------- 


Bicarbonate plus 
carbonate (HC03+C03). 


Sulfate (S0,)-------- 
Chloride (Cl)-------- 
Fluoride (F)--------- 
Nitrate (N03) eS rane 


Dissolved solids 
(residue at 180°C). 


13,500 


Hardness as CaC03---- 4,060 


a/ Data based on analyses from 24 wells. 
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Table 11 


Maximum, minimum, and 25, 50, 75 percentile values for 
constituents in water from Mississippi and Missouri River alluvium 


Gata in milligrams per liter, or as indicated] 


Constituent 
Temperature (°C)----- 
Silica (Si02)-------- 
Iron (Fe)------------ 
Manganese (Mn)------- 
Calcium (Ca)--------- 
Magnesium (Mg)------- 
Sodium (Na)---------- 
Potassium (K)-------- 
Bicarbonate (HC03)--- 
Sulfate (S0,)-------- 
Chloride (Cl)-------- 
Fluoride (F)--------- 
Nitrate (N03)-------- 


Dissolved solids 
(residue at 180°C). 


Hardness as CaC03)--- 


Specific Conductance 
(Micromhos at 25°C). 


pH (units)----------- 


Color (units)-------- 


ranges from 122 to 1,070 mg/l and 75 percent of the 
samples contained less than 476 mg/l. Hardness of the 
water ranges from 88 to 456 mg/l, with most of the 
water being very hard. The water also contains 
significant quantities of iron and manganese. Sixty- 
six percent of the samples exceeded the U.S. Public 
Health Service (1962) drinking water standards of 
0.3 mg/l for iron. The ranges in concentration and 
the 75, 50, and 25 percentiles of the principal 
constituents and properties of the water are given 
in table 12. A comparison of the maximum values 
with those equal to or less than that found in 75 
percent of the samples indicates that near-maximum 
values are, for the most part, unusual. Selected 
analyses are given in table 2, appendix 2. Locations 


Percent of Samples 


p75 50 25 Minimum 


of the wells are shown on plate 1, and selected 
analyses are shown graphically on plate 2. 

Areal differences in the chemical character of 
the water are caused by variations in the lithology and 
permeability of the alluvial deposits, by intrusion 
of saline water from bedrock formations, and locally 
by effluents from septic tanks or other waste- 
disposal systems. Water-quality characteristics vary in 
most parts of the alluvial area because of the variabil- 
ity of the character and composition of aquifer 
materials, principally the amount of clays and degree 
of sorting. In general, the dissolved-solids content is 
lower along the bluffs or outer edge of the alluvium 
and increases gradually as the water moves toward 
the river. The high nitrate content of water from a 
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Table 12 


Maximum, minimum, and 25, 50, 75 percentile values for 
constituents in water from Meramec River alluvium 


Constituent 
Temperature (°C)----- 
Silica (Si02)-------- 
Iron (Fe)------------ 
Manganese (Mn)------- 
Calcium (Ca)--------- 
Magnesium (Mg)------- 
Sodium (Na)---------- 
Potassium (K)-------- 
Bicarbonate (HC03)--- 
Sulfate (S0,)-------- 
Chloride (Cl)-------- 
Fluoride (F)--------- 
Nitrate (NO3)-------- 


Dissolved solids 
(residue at 180°C). 


Hardness as CaC03---- 


Specific conduct- 
ance (Micromhos at 
25°C)-------------- 


pH (units)----------- 


Color (units) -------- 


few of the wells is presumably caused by waste- 
disposal practices. 

Anomalous areas of higher dissolved-solids 
content are in the Valley Park and Times Beach areas. 
Available data indicate that the higher dissolved- 
solids content is due to the increased sodium and 
chloride content and that the more highly mineralized 
water is the result of natural upward leakage of saline 
water from the bedrock formations. Leakage also 
occurs through nonplugged abandoned wells which 
were drilled into the Roubidoux Formation. 


The area of greatest impact of increased 
mineralization of water in the alluvium is in the 
western side of Valley Park in the vicinity of well 
17 cbd and well 17 cdb. The distribution of chloride 


12 
8.8 


-00 


in the alluvium in Valley Park for periods of high 
and low water levels is shown in figure 17. The 
chloride content at approximately monthly intervals 
is shown in table 13 for the two industrial wells and 
the two Valley Park municipal wells (18 dda; and 
18 dda9). 

Although the chloride content of water from 
these wells varies considerably with time, the patterns 
of chloride distribution are similar. The isochlors 
apparently shift slightly in response to the relative 
pumping rates and duration of pumping of the 
production wells in the area; that is, if well 17 cbd 
is being pumped at a greater rate than well 17 cdb, 
higher concentrations of chloride will be nearer 
well 17 cbd, but if both wells are shut down and 
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|90°27'30" w.LONG. 


38°32'30"N. LAT 
FEET 


|:0°27'30" W. LONG. 


Observation well Line of equal chloride 


(number is chloride concentration. interval 
concentration in is 1OO milligrams per 
milligrams per liter) liter. 
o" 
38°32'30"N.LAT. Deep well in bedrock Valley wall 
<i ond number, flows 
ot surface 


o*8 


Figure 17 


Distribution of chloride in alluvial deposits in the water levels were relatively high. In July 1970 
Valley Park-Kirkwood area. In May 1970 (top), the (bottom), the water levels were relatively low. 


only municipal wells 18dda; and 18ddaz are pumping, 
the high chloride water will migrate toward the 
municipal wells. 

The principal source of mineralized water is 
presumed to be abandoned or leaky deep wells. 


Sources Of Water 


Well Fy has been plugged and cannot be sampled, 
but the chemical quality of its water should be 
similar to that from wells Fa and F3. Partial 
analyses of water samples from these two wells are 
given below: 


Dissolved constituents are expressed in milligrams per liter 


Magne- Bicar- Dissolved 
Well Date Calcium = sium Sodium bonate Sulfate Chloride solids 
Fo 6-4-68 465 190 2,380 257 280 4,640 9,210 
F3 6-4-68 450 180 2,350 256 253 4,680 8,930 


A graphical comparison of analyses of water 
from well Fo, wells 17 cbd and 17 cdb at Ashland 
Chemical Co. and Absorbent Cotton Co., and Valley 
Park municipal well no. 1 (fig. 18) shows the 
similarity of the type of water from the deep well 
and from wells 17 cbd and 17 cdb. The pattern for 
Valley Park no. 1 well does not show the effect of 
more mineralized water, but a tabulation of this 
well’s chloride data (tbl. 13) does show an increase 
in chloride content beginning with samples collected 
in December 1970. This indicates that more miner- 
alized water was moving into this well at that time. 


Water in alluvial deposits in the Times Beach 
area, particularly in T. 44 N., has a higher dissolved- 
solids content and is similar in chemical character to 
that in the Valley Park area. The chloride content of 
water from selected wells in the Times Beach area 


is shown in table 14. These data show a considerable 
range in concentration of chloride; however, public 
supply well 44-4-32bdd is consistently high, probably 
because the pumping of this well draws water with a 
higher chloride content into the well. Areal variation 
in chloride content for two periods are shown in 
figure 19. Chloride values on these _ illustrations 
indicate that the maximum concentration of chloride 
shifts about midway from the bluffs to the river. 
However, all of the water in this area is affected by 
the intrusion of mineralized water. Water from well 
44-4-31dca adjacent to the bluff has a higher chloride 
content than that in wells just south of this area, For 
the most part, the origin of the more mineralized 
water in the Times Beach area is presumed to be 
from an underlying bedrock formation. However, the 
ways in which the more mineralized water reaches 
the alluvium are not known. 


SPRINGS 


Discharge measurements in the three-county 
area indicate that the springs are small and quite 
variable, reacting quickly to precipitation and having 
little or no flow during dry weather. This variability 
severely limits their economic significance because 
most enterprises utilizing springflow require a stable, 
dependable source. In fact, only one small commercial 


operation using springs (watercress production) exists 
in the area at this time. As reported by Lutzen of 
the Missouri Geological Survey (oral commun., 1971) 
some of the springs are affected by effluent from 
septic tanks, lagoons, and sanitary landfills, making 
them esthetically undesirable and further limiting 
their small economic potential. 
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SURFACE WATER 


A tremendous surface-water resource is one of 
the principal reasons for the continuing economic 
growth and development of this three-county area. 
The Mississippi, Missouri and Meramec Rivers furnish 
water for most of the population and industries, 
provide navigable waterways for commerce and rec- 
reation, and are a means for disposal of industrial 
wastes and sewage. The combined flow of the 
Mississippi and Missouri Rivers at St. Louis averages 
112,000 mgd and the Meramec River near Eureka 
averages 1,930 mgd. Of the vast amount of available 
surface water, an average of only about 1,120 mgd is 
withdrawn for all uses. 


It is quite evident that there is no shortage of 
surface water supplies for the major users who can tap 
the large rivers of the area. However, users who are 
interested in smaller supplies from tributary streams 
(those streams which originate in or have much of 
their drainage basin in the project area) face more 
difficult problems. The frequency data and interpreta- 
tions presented in the remainder of this section of the 
report can be used as a guide toward the optimum 
utilization of these valuable resources. The informa- 
tion used for surface water computations was 
compiled from an extensive network of streamflow 
data sites, as shown in figure 2. 


Table 13 


Chloride content of water from 
selected wells in the Valley Park area, Mo. 


7-22-69 
8-27-69 
9-24-69 
10-24-69 
11-20-69 
12-18-69 
1-28-70 
2-27-70 
3-27-70 
4-30-70 
5-20-70 
6-24-70 
7-24-70 
8-27-70 
10-2-70 
12-3-70 
1-29-71 
3-3-71 


4-5-71 
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MILLIEQUIVALENTS PER LITER 


15 10 5 0 5 (@) 15 
9210 

Ca HCOz +COz 
Mg SO, 
Na+K Cl 
Fe Ft NO; 

F2 

(SCALE X 10) 

790 
Ca HCO, +CO, 
Mg SO, 
Na+K Cl 
Fe F+NO; 


ASHLAND CHEM. (44-5-I7cbd) 


Ca wisi HCO3+CO; 
Mg SO, 
Na+K Cl 

Fe F+NO; 


ABSORBENT COT. (44-5-I7 cdb) 


Ca Si HCO3+CO3z 
Mg SO, 
Na+K Cl 

Fe F+NO3 


VALLEY PARK MUNICIPAL | (44-5-18 dda) 


Figure 18 
Comparison of chemical analyses of water from well F 5, Ashland Chemical Co. well, Absorbent Cotton Co. well, 
and Valley Park municipal well no. 1. 
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MISSISSIPPI AND MISSOURI RIVERS 


The Mississippi and Missouri Rivers are treated 
separately in this report because their flow character- 
istics are significantly different from those of other 
streams in the project area. They are the principal 
reason for the present location of the City of St. 
Louis and are increasingly important as national 
arteries of commerce. Developments having large 
water-supply or waste-dilution requirements naturally 
tend to concentrate along these great rivers. 


The Missouri River is almost completely 
controlled by an extensive reservoir system in the 
headwater areas. Summer flows are maintained at 
levels which insure adequate depths for navigation 
purposes, and the flooding potential has been greatly 
reduced. The Mississippi River, on the other hand, is 
not significantly controlled at medium and high 
stages above the confluence with the Missouri. 
Navigation depths are maintained by a system of 
locks and dams which alter mean and high flows very 
little; thus, flooding is a more frequent problem on 
this river. 


in order to fully analyze the streamflow data 
for the gaging stations on the two rivers, a complete 
systems analysis of the basins upstream from the 
stations would be required. This would involve the 
development of flow-storage models of reservoirs and 
channels and generation of natural-flow data for 
model input. These procedures are beyond the scope 
of this study because of their cost and complexity 
and must be deferred until methodology is developed. 
However, the available statistical and flow variability 
data are relevant to many current and future studies; 
these data are presented in appendix 3. 


DURATION OF FLOWS 


The slope and shape of the flow duration curve 
indicate the variability of streamflow and hydrologic 
characteristics of a drainage basin, thus providing an 
excellent comparison of the flow characteristics of 
streams (fig. 20). A curve with steep slope denotes a 
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Figure 19 
Location of wells in the Times Beach area. 
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Figure 19 (continued) 
Chloride distribution in alluvial deposits in the Times Chloride distribution in alluvial deposits in the 
Beach area, October 1969. Times Beach area, February 1970. 
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Table 14 


Chloride content of water from selected wells in the Times Beach area, Mo. 


n milligrams per lite 


Well Number 


G4-4-3ldca Gh-G-32bdd 4h-4-32edb GA-4-32dbb 44-4-32dde 


7-17-69 
8-25-69 
9-24-69 

10-22-69 
11-19-69 
12-16-69 
1-29-70 
2-27-70 
3-27-70 
4-30-70 
5-19-70 
6-25-70 
8-28-70 
10-2-70 
12-1-70 
2-1-71 
3-4-71 
4-5-71 
5-3-71 


6-2-71 


basin where flow is mostly from direct runoff whereas 
a curve with flat slope denotes a basin with large 
surface or groundwater storage. 


The curves of figure 20 are indicative of the two 
types of tributary streams found in the three-county 
area. The Cuivre River curve represents a highly 
variable stream which derives much of its flow from 
direct runoff. This curve is characteristic of all 
curves plotted for small tributary streams in St. 
Charles, St. Louis and northern Jefferson Counties. 
The Big River curve is characteristic of the large 


tributary streams and the small, but well-sustained 
streams in southern Jefferson County. 


The flow-duration data presented in table 15 
may be considered representative of the future 
distribution of flows at the gaging sites, provided 
there are no significant future man-made develop- 
ments. In many basins in the St. Louis area, 
developments are already planned that will completely 
alter the duration data presented in this report. 
However, these data may be valuable as a reconnais- 
sance tool to locate areas that are desirable for future 
developments. 


FLOODS 


Major floods have occurred during all months 
in the St. Louis area, but are most common in the 
spring and summer. While heavy general spring rains 
cause most of the floods, some of the greatest 
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floods on record have occurred in the summer 
(tbl. 16). This is due to intense local thunderstorms 
that cause flash-flood conditions on small tributary 
streams and consequently affect the larger streams. 


Sources Of Water 


A tabulation of yearly flood peaks for streams data have been previously published and are available 
in the three-county area indicates the following from the following sources: 


flood distribution pattern: 1. Flood inundation maps and flood profiles 


are available in publications of the U.S. Corps of 
Engineers (1964, 1965, 1966) for the following 


Size of Stream Months when floods : : Sa 
ae likely streams in Jefferson and St. Louis Counties: 


Thicuiserde'oF square rhlles (tor In Jefferson County — Bourne, Dry, Glaize, 


example: Mississippi and Missouri : Heads, Joachim, Plattin, Rock, Saline, and 
Rivers) April through July Sandy Creeks; Big, Meramec, and Mississippi 
Hundreds of square miles (for Rivers. 

example: Big and Cuivre Rivers) March through May 

Less than 100 square mites (for In western St. Louis County = Meramec 
example: Plattin Creek, Murphy River, Brush and Fox Creeks in the vicinity of 
Branch) May and June Pacific 


Searcy and others (1952) also presented selected 
Detailed flood data (such as flood profiles) for flood profiles for the Mississippi, Missouri, and 
specific streams are not shown in this report. These Meramec Rivers. 


Table 15 


Flow-duration data for 
continuous-record stations on tributary streams 


lumbers refer to stations as shown on map p 
Flow, in cfs, which was exceeded for indicated percentage 
of time 
Percentage of Cuivre River | Big River near |Big River at | Meramec River 
time during near Troy De Soto Byrnesville near Eureka 
period of record No, 42 No. 50 
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Figure 20 


Duration curves of Big and Cuivre Rivers are indicative of the differences 


in flow characteristics of tributary streams in the region. 
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2. The outstanding Jefferson County flood 
of June 1964 has been documented in a report by 
Peterson (1965). Flood-frequency and profile data 
are presented for Plattin and Isle du Bois Creeks. 


3. The estimated 100-year flood stages for the 
Mississippi and Missouri Rivers have been delineated 
for St. Louis and St. Charlies Counties on 7%minute 
topographic maps which are available from the 
District Chief, U.S. Geological Survey, P.O. Box 340, 
Rolla, Mo.,65401. Indirect flood-peak determinations 
on Gravois, Fox, and Sandy Creeks in St. Louis and 


Sources Of Water 


Jefferson Counties, plus peak-stage data on a number 
of small Jefferson County streams, are also available 
from this source. 


4, The U.S. Geological Survey, in cooperation 
with the Metropolitan St. Louis Sewer District, is 
conducting a study of flood characteristics in five 
small drainage basins in the metropolitan area. 
Reports on several of the basins, showing stage and 
inundation data are now available (Spencer and 
Hauth, 1968; Hauth and Spencer, 1969, 1971; 
Spencer, 1971). 


MAGNITUDE AND FREQUENCY OF FLOODS 


The proper design and location of drainage 
structures and water facilities depend to some degree 
on information about the magnitude and frequency 
of flooding. These data are also important in flood- 
plain zoning and other related activities. In the St. 
Louis area, flood problems will probably become 


more severe on the tributary streams as industrial 
and domestic development on the floodplains becomes 
more intense. 


The basic tool used in the analysis of floods 
for this report is the gaging-station flood-frequency 


Table 16 


Summary of maximum recorded floods and stages 


Station name 


Cuivre River near Troy 


18 Mississippi River at Alton 


(Butside study area] | Missouri River at Hermann2/ 


34 Mississippi River at St. Louis 
42 Big River near De Soto 

50 Big River at Byrnesville 

52 Meramec River near Eureka 

77 Plattin Creek near Crystal City 
80 Isle du Bois Creek near 


Ste. Genevieve 


903 


171,500 . 29, 1973 535,000 
528, 200 . 1844 892,000 
701,000 . 27,1844 300,000 
. 1915 70,500 

. 1915 80,000 

. 22, 1915 175,000 

. 17, 1964 3/24.06 30,100 

17, 1964 3/31.08 28,400 


l/ Did not necessarily occur at same time as maximum discharge. 


2/ Inflow between Hermann and the mouth of the Missouri River is insignificant. 


3/ Arbitrary datum. 
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Figures on curves 
indicate feet above 
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Increasing valley storage and 
decreasing channel slope cause 
a reduction in flood peaks down- 
stream from Desoto on the 

Big River. 
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Figure 21 


Flood-frequency curves for tributary streams in the St. Louis area. 


curve. Examples of these curves for some of the 
large tributary streams in the St. Louis area are 
shown in figure 21. Flood-peak discharges at selected 
recurrence intervals from the station flood-frequency 
curves are shown in table 17 for selected stations. 
All flood-frequency curves were prepared using 
methods described by the U.S. Water Resources 
Council (1967). 


Skelton and Homyk (1970) presented flood- 
frequency equations applicable to ungaged rural 


basins in each of Missouri’s physiographic regions. 
Data used in computation of the equations are 
derived from the gaging-station frequency curves 
and represent an average of the flood experiences 
for different-size drainage areas in the region. 


An analysis of residual errors (actual values 
divided by computed values) was made to determine 
the usefulness of the equations in the St. Louis area. 
Residuals were computed and plotted on maps to 
determine if any geographic patterns existed in the 
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Table 17 


Flood-frequency data at selected continuous and partial-record stations 


Record 


Map No. used in 
Figure 2 Station name analysis 
1 Cuivre River near Troy 1924-69 

18 Mississippi River at Alton!/ 1927-69 
-- Missouri River at Hermann!/ 1929-69 
32 Coldwater Creek near St. Louis2/ 1960-61, 
1963-65, 

1968-69 

34 Mississippi River at St. Louisl/ 1928-69 
42 Big River near De Soto 1950-69 
50 Big River at Byrnesville 1923-69 
52 Meramec River near Eureka 1922-69 
78 Murphy Branch near Crystal City 1955-68 


Flood frequenc 
Drainage Magnitude of flood, in cfs,for indicated 
area recurrence interval, in years 
sq ai 2 5 10 25 50 
903 23,700 38,300 46,900 56,200 62,100 
171,500 245,000 320,000 375,000 445,000 495,000 
528,200 250,000 390,000 490,000 620,000 720,000 
43.6 3,100 4,600 6,000 8,200 ------- 
701,000 480,000 700,000 800,000 895,000 940,000 
718 15,500 24,900 33,100 45,800 57,400 
917 14,600 22,400 27,800 34,900 40,400 
3,788 34,000 55,000 69,600 88,700 103,000 
0.44 135 280 430 72000 ew ewenn 


1/ See Appendix 3 for low-flow, flood-volume, and flow-duration data. 


2/ Stream is significantly affected by urbanization, 


study area. The resulting plots showed a random 
distribution pattern, and the equations are thus 
considered valid in the St. Louis area. 


The grouping of the equations according to size 
of upstream drainage area and physiographic region 
was found to be the most meaningful method of 
presenting the data for two reasons: (a) the con- 
siderable variation in risks among regions and drainage- 
area sizes (as shown by the standard error of estimate) 
can be better defined and, (b) the effective indepen- 
dent variables remaining in the final regression 
equations are indicative of basin characteristics most 
significant in each region for each drainage-area 
class. 


There are two limitations that must be con- 
sidered before using the equations. First, appropriate 
adjustments to the equations must be made to 
account for increased storm runoff during and after 
urbanization (see the following section, “Effects of 
Urbanization on Storm Runoff’ for a discussion of 
these adjustments). Secondly, the equations are 
based on data from rural Missouri streams and 
thus do not apply to the Mississippi and Missouri 
Rivers. 

Tables 18 and 19 present the flood-frequency 


equations which are applicable to rural basins in the 
Dissected Till Plains and Ozarks portions of the 


study area (fig. 1). In the case of streams that cross 
the Ozarks-Plains boundary, a weighted average 
(based on drainage area) of results from both Plains 
and Ozarks equations should be used. 


Drainage basin characteristics are defined for 
the equations as follows: 


1. Drainage area, A, in square miles, was 
determined from most recent U.S. Geological Survey 
topographic maps. 

2. Main-channel slope, S, in feet per mile, was 
determined from altitudes at points 10 percent and 85 
percent of the distance along the channel from the 
gaging station to the divide. This index was described 
and used by Benson (1962, 1964). 


3. Mean basin altitude, E, in feet above mean 
sea level, was measured on 1:62,500 — and 1:24,000- 
scale U.S. Geological Survey topographic maps for 
small drainage basins and on 1:250,000-scale Army 
Map Service maps for large basins. The altitude was 
computed by laying a grid over the map, determining 
the altitude at each grid intersection, and averaging 
these altitudes. The grid spacing was selected to give 
at least 20 intersections within the basin boundary. 


4. The maximum 24-hour rainfall, 1942. in 
inches, having a recurrence interval of 2 years (2-year 
24-hour rainfall) was determined for each basin from 
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Table 18 
Flood-frequency equations applicable to rural Dissected Till Plains basins 


Model is y=aAPlg2 (gx1073)3194 9°45 ;°5R%6 
5 Sapna DE aaa hasacbecierscs! 


by bo b3 by bs 06 
2-year, Mean 
Main- Mean 24-hour Soils annual Standard 
Drainage channel basin rainfall, index, runoff, error 
Flow Regression area, slope, altitude 124,2 Sy R of 
characteristic, constant, A s E estimate 
Y a (sq mi) (ft per mi) (£tx1073) (inches) 1/ (inches) (inches) (percent) 
2-year peak2/ 728 0.64 «--- o--- ---- -0.93 acne 38 
2-year peak3/ 24.6 0.80 0.61 ---- ---- ---- ---- 28 
5-year peak2/ 1,540 0.64 ---- 1.29 ---- -0.85 ---- 33 
5-year peak3/ 0.20 0.83 0.87 ---- 4.69 -1.03 ---- 29 
10-year peak2/ 1,890 0,65 2--- 1,52 vo-- -0.74 ---- 35 
10-year peak3/ 0.19 0.81 0.83 ---- 5.09 -1.07 -+-- 34 
25-year peak2/ 1,220 0.66 -+-- 1.34 «<== eae aes 40 
25-year peak3/ 0,20 0.76 0.73 ---- 5.62 -1.13 +++: 41 
50-year peak2/ 35 1.00 0.95 2.68 ---- woe ---- 43 
50-year peak3/ 1.23 0.75 0.77 ---- ---- ---- 2.06 41 
Table 19 
Flood-frequency equations applicable to rural Ozark Plateaus basins 
is YaaAPlgb2 b3pb4 
Model is Y=aA™+S 124,2 7R 
Exponents of basin characteristics 
by ba b3 b4 
2-year Mean 
Main- 24-hour annual Standard 
Drainage channel rainfall, runoff, error 
Flow Regression area, slope, 124,2 R of 
Characteristic, constant, A Ss estimate 
4 a (sq mi) (ft per mi) (inches) 1/ (inches) (percent) 
2-year peak2/ 280x104 0.71 ---- -7.16 ---- 57 
2-year peak3/ 223 0.64 ---- ---- ---- 29 
5-year peak2/ 587x103 0.70 ---- -5.48 ---- 50 
5-year peak3/ 405 0.63 ---- ---- ---- 26 
10-year peak2/ 288x103 0.71 ---- -4.69 ---- 50 
10-year peak3/ 585 0.62 ---- ---- ae 28 
25-year peak2/ 916x102 0.80 0.27 -4.44 ---- 50 
25-year peak3/ 840 0.61 ---- ---- ---- 31 
50-year peak2/ 935 0.80 ---- ---- ---- 59 
50-year peak3/ 631 0.48 ---- ---- 0.52 29 


1/ For the St. Louis area, use a value of 3.5 for 124,2. 


2/ Use this equation for drainage areas of 50 square miles or less, 


3/ Use this equation for drainage areas greater than 50 square miles. 


U.S. Weather Bureau Technical Paper 40 (1961). 
A value of 3.5 inches can be used throughout the 
study area. 


5. Soil infiltration index, Sj, in inches, was 
determined for subbasins within the state by the 
Soil Conservation Service (written commun. 1970). 
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Weighted averages of these values were used for 
each gaged drainage basin. Figure 23 shows the 
values for the St. Louis area. 


6. Mean annual runoff, R, in inches, was 
determined from long-term gaging-station records in 
eastern Missouri. Figure 24 illustrates the variation 
in natural runoff for tributary streams in the St. 
Louis area. 
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EFFECTS OF URBANIZAtIUN 
ON STORM RUNOFF 


For the three-county study area, definitive 
ratios showing the effects of urbanization on storm 
runoff will be available within three years as a result 
of current urban-hydrology studies in cooperation 
with the St. Louis Metropolitan Sewer District and 
St. Louis County. Presentiy, however, there are 
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Figure 22 


Average annual precipitation, in inches, for the St. Louis area. Isohyets are based on 1931-60 data from 
the National Weather Service — NOAA. 
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Figure 23 
Soil infiltration index values, in inches, for the St. Louis area. Data furnished by the Soil Conservation Service. 
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inadequate hydrologic data to make precise evalua- urbanization in the study area, the reader is referred 
tions of the effects of increasing urbanization on to Gann (1971). The methodology presented in 
storm runoff. that report will be useful to the design engineer 

For ageneralized method of estimating increases until more comprehensive and refined data are 


in flood-peak discharge due to varying degrees of available. 
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Figure 24 


Mean natural annual runoff, in inches, for tributary streams in the St. Louis area. 


WATER RESOURCES OF THE ST. LOUIS AREA, MISSOURI 


MEAN FLOWS 


The variation in mean annual runoff in the 
study area is shown in figure 24. The illustration 
is based on the results of previous runoff studies of 
unregulated rural basins, plus an anlaysis of long-term 
gaging-station records in the vicinity of St. Louis. 


The estimation of natural mean flow for 
ungaged sites in the area can be made by using 
figure 24. The accuracy of these estimates will be 
sufficient for solution of the usual hydrologic 
problems involving mean flows; the most common of 
these problems is the use of the data as a parameter 


in the computation of reservoir storage requirements 
(see subsequent section entitled ‘““Augmentation of 
Dependable Flows by Storage”’). 


EFFECTS OF URBANIZATION 
ON MEAN FLOWS 

In most studies in the United States, it has been 
observed that total runoff (amount of precipitation 
that appears as streamflow) is increased by urbaniza- 
tion. In Austin, Tex., annual runoff was increased 
2.9 times in a watershed by a 21-percent-impervious 
cover (Espey and others, 1966). James (1965) 


Table 20 
Low-flow frequency data at continuous and partial-record stations 


1 Cuivre River near Troy 


2 Big Creek near Moscow Mills 
7 Perugue Creek sear Wentzville 
% Dardenme Creek near Weldon Spring 
22 Femme Osage Creek near Weldon Spring 
26 Creve Coeur Creek at Creve Coeur 
31 Coldwater Creek at Shoveltownl/ 
35 Gravois Creek near Kirkwood]/ 1961-65, 
1967, 1969 
42 Big River near De Soto 1950-69 
4) Big River near Richwoods 
so Big River st Byrnesville 
32 Meresec River sear Rureka 
67 Joechia Creek at Hematite 1961-65, 
1967-69 
73 Sandy Creek vear Pevely 1966-68 
76 Plattin Creek at Plattin 


Annual low fl 


1/ Stream is significantly affected by urbanization. Natural low flows augmented by outflow from sewage disposal plants and lagoons. 
Low-flow estimates cannot be regarded as probability data, but are useful for comparative purposes. 
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Low-flow frequency curves for tributary streams in the St. Louis area. 


estimated that the annual runoff from a completely 
urbanized California stream basin was 2.3 times its 
natural volume. Crippen and Waananen (1969) 
showed that, during years of normal precipitation, 
the increase in annual runoff from partial urbanization 


of a small California basin was about threefold. 
These results are logical because one of the primary 
controls on runoff is the basin infiltration characteris- 
tics, and these are directly related to the percentage 
of impervious area in a basin. 
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Streamflow records on Coldwater Creek (about 
60-percent urbanized with an estimated 20 percent of 
the urbanized area impervious) represent the only 
runoff data of any consequence collected on an 
urbanized basin in the St. Louis area. These data, 
when adjusted for record length on the basis of 
nearby long-time streamflow records, indicate that 
the average annual runoff from the basin is about 22 
inches. This is approximately twice the average for 
rural basins in the area (see fig. 24). A part of this 
increase is due to the operation of sewage treatment 
plants in the basin. Crippen and Waananen (1969) 
stated that ‘Development... has produced a marked 
increase in the total runoff. Such an increase has 
been noted in other studies, and is probably more 


pronounced in the semi-arid California climate than 
in more humid regions.” 


Based on the studies in California and Texas, 
plus the data from Coldwater Creek, it is recom- 
mended that the mean flow of streams in the study 
area, with urban development similar to that of 
Coldwater Creek, be adjusted for urbanization effects 
by multiplying the natural runoff chosen from 
figure 24 by 1.5. If treatment plants are present in 
the basin, the mean flow could be twice as high as 
that shown on figure 24. Until more comprehensive 
urban runoff data are available, recommendations 
cannot be made for adjusting data from basins with 
varying degrees of urbanization. 


LOW FLOWS 


The utilization or development of a stream 
depends, to some extent, on its low-flow characteris- 
tics as defined by low-flow frequency data (table 20). 
These data are the principal tool used by hydrologists 
and planners to evaluate the low-flow potential of 
streams. 


For this report, low-flow frequency data were 
computed by statistical methods described by Skelton 
(1966). Examples of low-flow frequency curves 
(fig. 25) are presented to indicate the variations 
in low-flow characteristics of some major tributary 
streams in the region. The Meramec and Big River 
curves represent streams with high, well-sustained 
base flows, while the Cuivre River curve indicates that 
this stream has a highly variable low flow that can 
diminish rapidly during a severe drought. 


Data from low-flow partial-record stations and 
continuous-record stations with less than five annual 
minima are inadequate to define a low-flow frequency 
curve. These data were related to long-term gaging- 
station data in the area, and the resulting graphical 
regression was used to estimate the median annual 
minimum 7-day flows (7-day Q5) and the 7-day 
10-year-recurrence-interval flows shown in table 20. 


Estimates of low-flow characteristics at ungaged 
sites in the area can be made by using a method 
described by Skelton (1970). Briefly, the method 
involves measuring low flow at the site on different 
recessions in several different years and graphically 


relating these measurements to concurrent flows at 
a nearby continuous-record station. In general, the 
results obtained from these regressions will give 
reliable estimates of median values (7-day Q9) and 
less reliable estimates of more extreme events. 


As shown in figure 26 and table 20, there is 
considerable variation in the values of the 7-day Q9 
for unregulated streams in the area. In general, the 
7-day Qo for small unregulated tributary streams 
ranges from O to 0.005 cfs per square mile in the 
northern two-thirds of the area and from 0.02 to 
0.05 cfs per square mile in the southern third of 
Jefferson County. The 7-day Q4 for the Meramec and 
Big River basins is a relatively high 0.1 cfs per 
square mile. However, data from Coldwater Creek 
basin indicate that median low flows can be as 
great as 0.3 cfs per square mile in basins where 
sewage treatment plants are Operating, depending on 
plant size, water-table condition, etc. 


During 1967 and 1970, hydrologic data were 
collected on many of the tributary streams in the 
three-county area to determine low-flow gains or 
losses and to observe the impact of various urban 
developments on basin environment. Table 21 presents 
the results of discharge and specific-conductance 
measurements at various sites, plus observations 
of the streams’ appearances and other information. 
The reconnaissance data from 1967 is especially 
useful because it was made during a period of 
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median low-flow conditions (7-day Q5) over most of in many of the area’s small surface streams during a 

the area. Thus the data in the table can bea valuable specific drought. Water-quality information collected 

guide concerning actual quantities of water available during these investigations is presented in appendix 4. 
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Figure 26 


Generalized patterns of median 7-day low-flow values for tributary streams. 
Recurrence interval of these data is 2 years. 
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The specific conductance readings and descrip- 
tions of stream appearance in table 21 can be used to 
identify many of the streams in the area that are 
affected by urbanization and have low flows of 
inferior-quality water. For instance, the conductance 
of Bonhomme Creek at Chesterfield (fig. 2, map 
no. 26) was 500 micromhos and the water was 
described as very murky, with foam on the surface. 
Streamflow in undeveloped parts of the region was 
clear at the time and natural conductances were 
400 micromhos or less; thus Bonhomme Creek was 
evidently affected by man’s activities. 


EFFECTS OF URBANIZATION 
ON LOW FLOWS 


Theoretically, urbanization will decrease the 
low flows of streams because of decreased soil- 
moisture storage, improvement of drainage, and 


lowering of groundwater levels (Ringenoldus and 
Bauer, written commun., 1966). James (1965) made 
a model analysis of a California streamflow record 
and found that the low flow of a completely 
urbanized basin is about 0.7 of the natural value. 

In the St. Louis area, however, low flows of 
many small tributary streams having drainage areas 
of less than 50 square miles are greatly augmented, 
mostly by domestic effluents (figure 26, area D), and 
the net result is an increase in dry-weather flow. The 
natural low flow of most of these streams is less 
than 0.5 cfs (except in middle and southern Jefferson 
County). Consequently, an influx of poor-quality 
effluent, even though in small amounts, can seriously 
degrade the flow of an entire stream. Studies by 
Lutzen of the Missouri Geological Survey and Water 
Resources (written commun., 1970) in the Grand 
Glaize, Fishpot and Romaine Creek basins, point 
out specific examples of these effects. 


AUGMENTATION OF DEPENDABLE FLOWS BY STORAGE 


In the tributary basins of the three-county 
study area, a lack of streams with natural sustained 
low flows makes it necessary to consider storage 
reservoirs when year-round surface-water supplies 
are required. The impoundments will generally serve 
a number of purposes such as recreation, low-flow 
augmentation and flood control. One of the more 
pressing problems involved in utilizing reservoirs in 
these developing areas, aside from the high cost of 
acquiring land, will be the pollution aspect of urban 
runoff during storms. It has been shown by Sheaffer 
and Zeizel (1966, p. 73) that the quality of initial 
storm runoff for some streams in urban areas is 
inferior to that of domestic sewage. Storage of this 
water would not only result in excessive treatment 
costs when the water is utilized, but would cause a 
generally unpleasant reservoir environment. Spieker 
(1970) stated that pollution loads may remain high in 
sluggish streams after several days of flooding because 
of accumulated sludge on the stream bottom and 
release of untreated sewage into the stream. Further 
analytical studies and continued management pro- 
grams may be necessary in order to properly maintain 
these urban reservoirs. 


For water managers and planners, there are 
some major points concerning impoundment of low 
flows in the St. Louis area that should be considered: 


1. In almost all of the area, except for the 
larger tributary streams such as the Meramec, Big, 
and Cuivre Rivers, storage facilities are required to 
insure a dependable surface-water supply. 


2. In urbanized areas of small natural flows, 
the quantity of low-flow may be adequate for some 
uses because of augmentation from treatment plants, 
sewers and septic tanks, but the quality of the 
water is very poor and thus extensive treatment is 
required prior to use. 


3. Several miles of the lower reaches of many 
tributary streams are affected by backwater from 
the Mississippi and Missouri Rivers. In these ponded 
areas, water can be pumped directly from the streams 
with no need for impoundments to insure an adequate 
water level. The most important consideration in 
these reaches is, of course, the quality of the water, 
which may make it unsuitable for use without 
extensive treatment. 
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Results of hydrologic reconnaissance on 
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Table 21 


Results of hydrologic reconnaissance on tributary streams--continued 


mp ne. 
Fig. 2 


7 


22 


2 


“4 


2 


6 


» 


” 


a” 


y 


40 


62 


Callaway fork near 
New Melle 


Callaway Fork near 
Defiance 
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on State Highway 94, one 
aile worth of Defiance and 
7 miles soutiwest of Weldon 
Spring, St. Charles County, 
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Table 21 
Results of hydrologic reconnaissance on tributary streams--continued 


boa Rewacks 


Map co. 
r az exe 
ai Unnamed creek NEL occ. 10, T. WH, 9-15-67 ° - ° - ° - 
wear Valles BR. 4 £., at bridge on 
Hives County Highway £, 34 
wiles southwest of 
Valles Mines, Jefferscoa 
“ Dry Creek near 9-15-67 Trickle - - - ° - 
Ware (<0.02) 
County Highway ¥, 1.5 
miles south of Ware, 
Jefferaon County. 
“Ss Dry Creek near Wk sec, 26, T. 41 M., 9-15-67 0 - - - - - 
Morse Hill R. J K., at beidge on 
county coad | mile 
eouthweat of Morse Mill, 
Jefferson County, 
46 Helews Creek near Wh wec, 17, T. SLM, 9-15-67 o - - - - - 
Milleboro Rk. 4 B., at ford on 
county road, 4.5 wiles 
northwest of Hilleboro, 
Jefferson County. 
a7 Inflow to Lake Mk sec, 10 and Svk 9-15-67 ° - - - ° oe 
Tishomingo sec. 3, T. SEN, R. SEL, 
on county road 5.5 wiles 
orth of Millsboro, 
Jetterece County. 
a Unnamed creek near | MEL sec. 4, T. 41 B., 9-15-67 o - - - - - 
Millsboro 
county roed 6 wiles 
eorth of Hillsboro, 
Jefferson Couaty. 
“ Belews Creck SEL sec. 31, T. 428, 9-15-67 0.5 320 8 7 mu = 
tribetary ecar B. 4 £., at bridge on 
Cedar will 
(outflow froe 
Lake Tishowingo) Rill, Jeffersce County. 
s Meads Creek at REL wee. 4, T. 42 8, 9-15-67 ° - - - - Dry streesbed with 
Rouse Springs B. 4 £., at bridge on no pools. 
State Highway 30 at 
House Springs, Jeffersoa 
County. 
ss Care Creek at MEL sec. 26, T. O46., 9-13-67 oO - - - - - 
Clencoe R. 3 &., at bridge on State 
Wighway 109 at Glencoe, 
St, Lowls County, 
“ Keifer Creek pear Mk sec. 9, T. 44 8,, 9-13-67 ° - - bd * 3 
Ellisville R. 4 E., at bridge on 
county road 1,5 wiles 
south of Kilisville, 
St. Loute County, 
s Unnamed spring NEL wec, 15, T. GAN, 9-13-67 o.1 520 - uu - Vlowe into Keifer 
near Valley Park R. &E., at bridge on Creek. 
county road 5 alles 
weet of Valley Park, 
St. Louls County. 
x Unnaeed spring NEL sec. 16, T. 44 5., 9-13-67 <0.01 490 - “u Vlows into Spring 
near Valley Park ®. 4 E., near county Branch Creek. 
road 3.5 miles weet 
of Valley fark, St. 
Louls County. 
7 Fishpot Creek Wh eee. 1, T. SOB, 9-13-67 ° - - - - - 
at Winchester &. 4 E., at bridge on 6-16-70 0.5 380 - - - Flow disappears 
county road at Wie- about 400 yards 
chester, St. Louts dowastreas. Indi- 
County. cates sooe of water 
losses. 
b Grad Glaise SEL wee. 4, T. 4H, 9-13-67 2.0 be] - - - Foes oo surface, 
Creek sear BR. 3 £., at bridge ca 6-16-70 8.3 20 - 3 » euells of sewage 
Kirkwood Dougherty Ferry reed 1.5 we fish seen. 
miles weet of Kirkwood, 
St. Lowle Cownty. 
w Romaine Creek Eh sec. 14, T. 43 ., 11-64-70 3.7 ss 10 9.0 6.5 Slack precipitest 
at Paulina Hille BR. 5 E., at bridge oo oe bottoe of creek. 
State Highwsy 141 at Slight sewage odor. 
Poulina Hille, Jeffersoa 
County. 
62 Mattese Creek NEL sec. 15, T. 438., 9-14-67 2.4 1” 1.5 20.5 2 foas oa surface. 
near Oakville R. 6 E., at bridge on Affected by sewage 
Olé Beummartner Rood, or plant effluent. 


1.5 alles weet of 
Oakville, St. Louis 
County. 
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Table 21 


Results of hydrologic reconnaissance on tributary streams--continued 


Cd 


n 


n 


” 


” 


”» 


» 


” 


ooet Hillebere 


Joathie Creed 
ot Benet ited/ 


In oece, | ent 7, tT. SO 8., 
B®. & £., 2 wiles cast of 
Millstere, Jeffersce 

Cownty. 


9-14-67 


Sowth Fort Litcte 
Crest ower 
Nit lebere 


bridge ca 
county roed 2.5 siles 
@eutheast of Hillstoro, 
Jefferson County. 


worth fork Little 
Creek sear 
Mi Llstore 


S\ orc. BI, rT. St, 
B.S £., at bridge oo 
county roed 7.5 ailes 


Little Creek evar 
emat ite 


of Mematite, Jefferson 
County. 


WA wee, 1, T. OOM, 
R. 3 BL, at deidge on 
County Highway A, 1.5 
miles west of Festus, 
Jeflerson County. 


T. SLM, R. 5 BL, ac bridge 
on County Highway Z, L 
mile west of Pevely, 
Jefferson County, 


Sandy Creek at 
Pevelyb/ 


Joachim Creek 
noar Pevely 


TT. GEM, KR, OE, at 
bridge on U.S. Highway 
G1, 1.5 miles south of 
Pevely, Jefferson County. 


Weet Fork Plattin 
Creek near Papin 


NEEL coc, 25, T. FH, 
®. > &., at ford oa 
county road 3 siles east 
of Papin, Jefferson 
Covnty. 


1L-5-70 


vr. 3m, RO E., at 
bridge om county road 
at Flattin, Jeffersoe 
County. 


Plattin Creek 
weet Crystal 
City 


vt. ©, B 6E., at 
bridge co 0.5. Highway 
61, J wiles south of 

Crystel City. Jefferson 
Comme yy. 


tole ¢u teas 
Creek eeer 
Veetes 


vv We. em FE, at 
bridge co County Bighesy 
TT, 00 etles sowtbeast 

of Festus, Jefferecn 


of WOT dete wore collected uring « period of aetiex low-flow conditions (i-4ay Q). 


b/ Geet lames recent etet tor. 


Water clear. 
Sanples taken. 


Sand-bottom channel, 
No rock outcrops 
visible, 


Backwater Crow 
Misaivelpel 
River. 


Water clear, 


Samples taken. 


Sources Of Water 


Table 22 
Draft-storage frequency data at continuous and partial-record stations 


Draft-storage frequen 
Percent Asount of storage (in thousands of acre-feet) for 
Drainage chance draft rate (in cfs) indicated in column headings 
Map no. (not corrected for reservoir evaporation, sedi- 
(Fig. 2) Station name (aq wi) deficiencya/ mentation, and seepage)>/ 
500 cfs 
1 Cuivre River near Troy 1,100 
870 
640 
72 cfs 
2 Big Creek near Moscow Mills 
75 
im 
110 
35 cfs 
7 Peruque Creek near Weateville - 
La 
35 cfs 
“ Dardenne Creek near Weldon Spring - 
4 
42 ofa 
2 Femme Osage Creek near Weldon Spring 1961-63, - 
1967 Bi 
72 
630 cis 
42 Big River near De Soto 2,000 
1,400 
1,040 
S18 cfs 
43 Big River near Richwoods 1,050 
763 
586 
730 cfs 
sO Big River at Byrnesville 1923-69 1,550 
1,180 
B80 
600 cfs 
52 Meramec River near Eureka 5,600 
4,200 
3,100 
16 cfs 
6? Joachim Creek at Heomtite 1961-65, 4 
140 


1967-69 


a/ Percent chance of deficiency indicates the percent of years in which a storage reservoir of indicated capacity would become empty. 


'b/ Amounts of storage Listed are hydrologically feasible, The physical limitations of the terrain have not been analyzed. 


Table 22 contains draft-storage frequency data 
for gaging stations in the St. Louis area. These data 
were computed by the mathematical technique of 
Markov chain analysis called probability routing, as 
described in a report by Skelton (1971). 


Note that the frequency characteristics are 
expressed as percent chance of deficiency. This value 
indicates the percent of years in which a reservoir of 
indicated capacity will become empty. It also can be 
interpreted as the average chance of having an empty 
reservoir in any year over a long period of years. 
However, this does not mean that a deficiency is 
equally probable in each year, because a series of dry 
years will decrease the amount of water stored and 
‘increase the chance of deficiency in succeeding years. 


The draft-storage data are useful primarily in 
making preliminary estimates of potential develop- 
ment and in comparing development possibilities 
of different streams. However, for small, multi- 
purpose reservoirs, the data may be adequate for 
final design purposes. 

Regional draft-storage curves for a 2-percent 
chance of deficiency were developed from long-time 
streamflow records in eastern Missouri and are 
presented in figure 27. These curves can be used to 
estimate storage requirements at ungaged sites or 
gaging stations where records are short or inadequate. 
The standard errors of estimate for the regional 
curves were determined graphically and found to be 
20 percent or less. 
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DRAFT RATE IS UNIFORM. 
STORAGE REQUIRED IS NOT 
ADJUSTED FOR RESERVOIR 
SEEPAGE, SEDIMENTATION, 
AND EVAPORATION. 


MULTIPLY STORAGE VALUES BY 
O6 FOR SITES ON THE MAIN 
STEM OF MERAMEC RIVER. 

DO NOT USE CURVES IF 
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Figure 27 


Regional draft-storage curves for the St, Louis area. 


APPLICATION OF REGIONAL 
DRAFT-STORAGE CURVES 


In most cases, proposed reservoir sites are 
located where long streamflow records are not 
available. Therefore, the regional draft-storage curves 
of figure 27 should be utilized in making estimates. 
The following steps are necessary in making estimates 
of storage requirements at ungaged sites: 


1. Determine the drainage area upstream from 
the site, using the best available topographic map. 


2. Determine average annual runoff for the 
basin to the nearest inch from figure 24. Use the 
center of the basin as the point of estimation. 


3. Use the regional curves to estimate storage 
requirements. The estimates will be somewhat con- 
servative; the average chance of the reservoir becoming 
empty in any year is 2 percent. 


4. Where significant urbanization exists, the 
storage requirements obtained from the regional 
curves should be computed using adjusted values of 
mean flows to account for the increased runoff 
volumes from urbanized areas. Suggestions for these 
adjustments are presented in the section ‘Effects of 
Urbanization on Mean Flows.” 


RESERVOIR LOSSES 


For this report no adjustments have been made 
to station data or regional curves for reservoir losses 


Sources Of Water 


due to evaporation, seepage or sedimentation. A 
detailed discussion of regional adjustments to storage 
requirements for these losses is presented by Skelton 
(1968, p. 15-23). This information will be useful in 
preliminary studies; however, a more detailed analysis 
will be necessary at the reservoir site prior to 
construction of major structures. 


LIMITATIONS OF DATA 


Before station data and regional draft-storage 
curves are used in project planning, the following 
limitations should be considered: 


1. Regional curves and station data should not 
be extrapolated beyond the limits shown. 


2. Regional curves are not applicable to streams 
significantly regulated by reservoirs or to the Missis- 
sippi and Missouri Rivers. 


3. Regional curves should not be used for 
drainage areas of less than one square mile. 


4. In the Ozarks part of the study area (fig. 1), 
field reconnaissance of potential reservoir sites is 
necessary to avoid gross underestimation of storage 
requirements. In this region, there is a possibility 
that small basins and reaches of some streams may 
have zones of significant water losses which were 
not discovered during hydrologic investigations of 
the region (see table 21). Special studies would be 
required to define storage requirements in water-loss 
areas and to determine if reservoirs .are structurally 
feasible. 


QUALITY OF SURFACE WATER 


The St. Louis area is nearly surrounded by 
large streams. The Missouri River to the north, the 
Mississippi River to the east, and the Meramec 
River to the south make available an almost un- 
limited supply of surface water. Many of the water- 
supply and waste-disposal needs of the area are met 
by these streams. Because of their large flow, these 
streams are able to assimilate large amounts of 
wastes. Uses of the water, however, are limited 
when extensive and costly treatment is needed to 
obtain the desired quality. 


Municipal, industrial, agricultural and other 
wastes entering streams anywhere in the north-central 


part of the United States influence the quality of 
water in the Missouri and Mississippi Rivers in the 
St. Louis area. Not all of man’s activities, however, 
have caused deterioration of the quality of water in 
these rivers. For instance, impoundments on the 
Missouri River main stem and tributaries over the past 
20 years have resulted in a significant decrease in 
turbidity, an undesirable characteristic of Missouri 
River water. 

The map of the study area, figure 2, includes 
locations of U.S. Geological Survey stream-sampling 
sites and water plants which are the source of data 
for this report. 
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Figure 28 
Relation between discharge and chemical and physical characteristics of water from the Missouri River 


at Howard Bend Plant near St. Louis, Mo., 1969-70. 


MISSOURI RIVER 


Water in the Missouri River near St. Louis is 
moderately mineralized. The predominant chemical 
constituents are calcium, magnesium, sodium, bicar- 
bonate and sulfate. Variations in dissolved-solids 
content are primarily caused by variations in the 
amounts of these constituents. Although a downward 
trend in turbidity has been observed in recent years, 
turbidity is still relatively high, and the water must be 
treated for most uses. Generally, the water is hard and 
this undesirable characteristic contributes to the need 
for treatment before use. 


Daily changes in selected chemical and physical 
characteristics at the City of St. Louis Howard 
Bend Water Plant (fig. 2, map no, 27) are related to 
the discharge record from the gage at Hermann, Mo., 
for the 1970 water year in figure 28. Water temper- 
ature varied from 0.0 degrees Celsius (centigrade) in 
January and February to 29.0°C in July and August. 
Turbidity varied from 20 JTU (Jackson turbidity units) 
in January to 2,400 JTU in May with a median for 
the year of 135. Turbidity fluctuates rather closely 
with streamflow; therefore, turbidity is generally 
lower during winter when streamflow is low and 
higher during the spring and summer when stream- 
flow is high. Alkalinity and hardness as CaCO3 
ranges from 76 and 89 mg/I respectively during the 
high water in October to high values of 243 and 
303 mg/I in January. 


Sources Of Water 


Alkalinity and hardness vary inversely with 
streamflow and generally have higher values in the 
winter. 


Ranges in chemical and physical characteristics 
of daily samples collected at Howard Bend for the 
20-year period 1951-70 are summarized in table 
23. During this period the average concentration of 
dissolved solids was 382 mg/l as compared to 365 
mg/I reported for the 10-year period 1940-49 (Searcy, 
Baker and Durum, 1952). 


Average monthly characteristics for the 20-year 
period, figure 29, include temperature variations 
from 2.0°C in January to 27.0°C in July. The 
long-term relationship in this figure follows the 
short-term relationship in figure 28. Dissolved solids, 
alkalinity and hardness were lowest in the summer 
when streamflow was high and highest during the 
winter when streamflow was low. 


Annual average turbidity and annual average 
discharge for the period 1951-70 are plotted in 
figure 30. Turbidity decreased from an average of 
1,002 JTU for the 5-year period 1951-55 to 361 for 
1966-70. Discharge averaged the same for both 
periods, 77,000 cfs. Turbidity averaged 694 JTU 
for the 20-year period 1951-70, as compared to 
1,670 JTU for the 10-year period 1940-49 (Searcy, 
Baker and Durum, 1952). 


The double-mass curves in figure 31 show a 
decrease in turbidity and sediment, with the most 


Table 23 


Selected chemical and physical characteristics of water from the 
Missouri River at Howard Bend Plant near St. Louis, Mo., 1951-70 
[analyses by City of St. Louis] 


Characteristics 


Alkalinity as CaC03 (mg/1) 53 
Hardness as CaC03 (mg/1) 83 


Turbidity (JTU)----------- 5 


Minimum 


Mean Maximum 
14.5 31.0 
82 9.6 
150 294 
206 366 
694 12,000 
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Figure 29 
Average monthly chemical and physical characteristics of water from the Missouri River 
at Howard Bend Plant near St. Louis, Mo., 1951-70. 
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Figure 30 
Annual average turbidity and discharge of the Missouri River at Howard Bend Plant near St. Louis, Mo., 1951-70. 
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Figure 31 
Double-mass curve of turbidity and sediment versus discharge for the Missouri River 
at Howard Bend Plant near St. Louis, Mo., 1951-70. 


Sources Of Water 


Table 24 


Selected chemical and physical characteristics of water 
from the Mississippi River at Alton, I11., 1970 
[analyses by Alton Water Co,] 


Characteristic Minimum 
Temperature (°C)--------- 0 
PHo-s- on none wn enewesesone Ved 


Alkalinity as CaCO, (mg/l) 87 
Hardness as CaC03 (mg/1) 118 


Turbidity (JTU)---------- 12 


significant change occurring about 1966. The sediment 
record was collected at Hermann, Mo., by the U.S. 
Army Corps of Engineers, Kansas City District. 
Federal impoundments constructed on the Missouri 
River's main stem and tributaries (numbering about 
50) and control structures on the Missouri River are 
apparently responsible for the decrease in turbidity 
and sediment. However, the actual effectiveness of 
the impoundments for sediment removal is difficult 
to evaluate because of the inexact relationship of 
sediment to streamflow. Jordan (1968) attempted to 
separate the effects of streamflow from those of the 
impoundments. The results were based on data for 
years prior to 1964 and indicated that impoundments 
caused a 25- to 30-percent reduction in sediment 
discharge for the Missouri River at Kansas City. The 
influence would be less for stations downstream from 
Kansas City because of fewer impoundments down- 
stream. More impoundments have been completed 
since Jordan's analysis and apparently have caused 
further decrease in sediment discharge. As more 
impoundments are constructed, especially in the 
uncontrolled sediment-laden tributaries downstream 
from Kansas City, sediment and turbidity should 
continue to decrease in the St. Louis area. 


Appendix 5 is a compilation of annual average 
values of several water-quality characteristics of the 
Missouri River at the City of St. Louis Howard 
Bend Water Plant for the period April 1951 to March 
1970. Total coliform bacteria averaged about 5,900 


Median Maximum 

12.5 29.5 

8.1 8.6 
168 205 
235 304 
40 875 


col/100 ml (colonies per 100 milliliters) for the first 
5 years and about 14,000 col/100 mi for the last 
5 years of the period. 


MISSISSIPPI RIVER 
UPSTREAM FROM THE MISSOURI RIVER 


Mississippi River water at the Alton Water Plant 
(fig. 2, map no. 17), about 9 miles upstream from 
the mouth of the Missouri River, is generally of good 
quality and suitable for most uses. The water, which 
is moderately mineralized, is a calcium-bicarbonate 
type and contains significant amounts of magnesium 
and sulfate in the dissolved solids. Although turbidity 
is relatively low upstream from the Missouri River, 
the water is very hard and some treatment such as 
softening would be desirable for municipal and some 
industrial uses. 


The relation between discharge and some water- 
quality characteristics at Alton are illustrated in 
figure 32 for the 1970 water year. Turbidity reached 
undesirable levels only a few times during the high 
streamflow of spring and fall. 

Ranges in chemical and physical characteristics 
of daily samples collected during the 1970 water year 
are listed in table 24. 

Total coliform bacteria counts made by the 
Alton Water Company on 26 samples collected from 
September to December 1970 ranged from 2,000 to 
64,000, with a median of 11,000 col/100 mi. 
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Figure 32 
Relation between discharge and chemical and physical characteristics of Mississippi River at Alton, II1., 1969-70. 
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Table 25 


Selected chemical and physical characteristics of water from the 
Mississippi River at Chain of Rocks Plant in St. Louis, Mo., 1951-70 
[analyses by City of St. Louis] 


Characteristic Minimum 
Temperature (°C)---------- 0 
PH---- 9 -nn een e enn ne---- Ree 


Alkalinity as CaC03 (mg/l) 72 
Hardness as CaC03 (mg/1) 89 


Turbidity (JTU)----------- 8 


Mean Maximum 

14.5 32.0 

8.0 9.0 
147 290 
204 323 
608 6,000 


DOWNSTREAM FROM THE MISSOURI RIVER 


Inflow from the Missouri River during periods 
of low flow does not mix completely for several 
miles downstream. As a result, water-quality records 
at the Chain of Rocks Water Plant (fig. 2, map no. 
33), about 5 miles downstream from the confluence 
with the Missouri, are indicative of Missouri River 
inflow. The water on the opposite (east) side of the 
river is about the same quality as water in the 
Mississippi River upstream from the confluence. 


Daily variations of selected characteristics of 
Mississippi River water at Chain of Rocks for the 
1970 water year are illustrated in figure 33. Temper- 
ature ranged from 0.0°C in January to 29.5°C in 
July and August. Alkalinity as CaCO varied from 
83 mg/l in September and October to 241 mg/l in 
January. Hardness as CaCO3 ranged from 105 mg/I 
in October to 296 mg/l in January. Turbidity varied 
from 10 JTU in January to 4,000 JTU in May. The 
median turbidity was 160 JTU, as compared to a 
median of 40 JTU for the same period at Alton. 
Inflow from the Missouri River is responsible for the 
increased turbidity in the Mississippi, especially 
during periods of high flow in the Missouri River. 


Ranges in chemical and physical characteristics 
of daily samples at Chain of Rocks are summarized 
in table 25 for the 20-year period October 1950 to 
September 1970. The average dissolved-solids content 
for the period was 373 mg/l. This compares to an 
average of 340 mg/l for the 10-year period 1940-49 


(Searcy, Baker and Durum, 1952). The dissolved 
solids are primarily composed of bicarbonates and 
sulfates of calcium and sodium. 


Average monthly water temperature, figure 34, 
ranged from 2.0°C for January to 26.5°C for 
August. Dissolved solids, alkalinity and hardness were 
lowest in the summer when streamflow was high 
and highest during the winter when streamflow was 
low. 

As shown in figure 35 annual average discharge 
was relatively uniform for the period 1951-70, while 
turbidity dropped from an average of 880 JTU for the 
first 5 years to an average of 355 JTU for the last 
5 years of the period. 


Double-mass curves of turbidity and sediment 
versus streamflow are plotted in figure 36 for the 
years 1951-70. A decided break in slope is noted 
about 1966, which indicates a significant decrease in 
turbidity and sediment since that time. This decrease 
was caused mainly by the completion of control 
structures in the upper Missouri River basin, as 
described in the previous section on the Missouri 
River. 


Annual average values of several characteristics 
of Mississippi River water at Chain of Rocks for the 
period April 1951 to March 1970 are compiled in 
appendix 6. The bacteria data indicate that total 
coliform bacteria counts averaged about 9,500 col/100 
ml for the years 1951-55, and about 27,000 col/100 
mil for the years 1966-70. 
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Figure 33 
Relation between discharge and chemical and physical characteristics of Mississippi River water 
at Chain of Rocks Plant in St. Louis, Mo., 1969-70. 
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Figure 34 
Average monthly chemical and physical characteristics of the Mississippi River water 
at Chain of Rocks Plant in St. Louis, Mo., 1951-70. 
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Figure 35 
Annual average turbidity and discharge of the Mississippi River at Chain of Rocks Plant in St. Louis, Mo., 1951-70. 
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TRIBUTARY STREAMS the total volume of surface water available to that 
Streams tributary to the Missouri and Mississippi area. However, distribution of the smaller streams 
Rivers in the St. Louis area represent a small part of throughout the three counties makes them important. 
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Figure 36 
Double-mass curve of turbidity and sediment versus discharge for the Mississippi River 
at Chain of Rocks Plant in St. Louis, Mo., 1951-70. 
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The largest of the tributary streams are the 
Meramec River and the Big River, which flows into 
the Meramec. 


The U.S. Geological Survey has a monthly 
sampling station at the gaging station on the Big 
River near De Soto, Mo. (fig. 2, map no. 42). Data 
covering some of the more important water-quality 
characteristics for the period 1966-70 are summarized 
in table 26. Water in the Big River is a calcium- 
magnesium-bicarbonate type. 


Fecal coliform bacteria counts for the Big 
River ranged from 1 to 13,000 col/100 ml, with a 
median of about 70 for the monthly samples 
collected during the 1970 water year. Fecal strepto- 
cocci varied from 12 to 45,000, with a median of 
about 140 col/100 mi. Fecal coliform to fecal 
streptococci ratios for individual samples averaged 
about 0.5, indicating that the pollution was derived 
predominantly from animal wastes. 


The Meramec River flows into the Mississippi 
River south of St. Louis, about 34 miles downstream 
from the mouth of the Missouri River. Records of 
discharge are given for the gaging station at Eureka, 


Mo., about 35 miles upstream from the mouth (fig. 
2, map no. 52). 


Suspended-sediment discharges for the Meramec 
River at Eureka, Mo., from February 1969 to 
September 1970, ranged from 17 to 175,000 tons 
per day and averaged 2,680 tons per day. Daily 
sediment concentrations varied from 19 to 1,430 
mg/l and averaged 147 mg/l. Sediment loads and 
concentrations were affected at times during the 
period by highway construction activities upstream 
from the sampling site. The stream is normally 
clear and transports relatively small amounts of 
sediment. Most of the sediment discharge occurs 
during short periods of high streamflow. 


The St. Louis County Water Company furnished 
data for the Meramec River at Fenton, Mo., about 16 
miles upstream from the mouth (fig. 2, map no. 59). 
Some of the characteristics for daily samples collected 
during the period 1966-70 are summarized in table 
27. The average hardness of 166 mg/l indicates that 
the water is hard. Turbidity is normally low in the 
Meramec River and not a problem for most uses. 
Monthly variations are shown in figure 37. A com- 
pilation of annual average values of several of the 


Table 26 


Selected chemical and physical characteristics of 
water from the Big River near De Soto, Mo., 1966-70 


Characteristic 
Temperature (°C)---------- 0 
PHS -S$s ssssencncenencnsa= 7.4 
Alkalinity as CaC03(mg/1) 92 
Hardness as CaC03(mg/1) 110 
Dissolved solids (mg/1)--- 144 
Turbidity (JTU)----------- 0 


Minimum 


Median Maximum 
14.0 28.0 
8.1 8.5 
211 246 
245 296 
271 342 
6 300 


more important water-quality characteristics of the 
Meramec River at Fenton, Mo., for the period 
January 1966 to December 1970, are listed in 
table 28. Meramec River water is also a calcium- 
magnesium-bicarbonate type. 


The U.S. Geological Survey operates a monthly 
sampling station on the Meramec River at Paulina 
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Hills, Mo., about 10 miles upstream from the mouth 
(fig. 2, map no. 61). Dissolved solids, hardness and 
alkalinity duration curves for the period August 1963 
to September 1970 are shown in figure 38. The 
median value, that which was equaled or exceeded 
50 percent of the time, was 208 mg/I for dissolved 
solids, 176 mg/l as CaCO3 for hardness, and 160 
mg/l as CaCO3 for alkalinity. 
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Figure 37 


Average monthly chemical and physical characteristics of the Meramec River at Fenton, Mo., 1966-70. 
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Table 27 


Selected chemical and physical characteristics of water from the 
Meramec River at St. Louis County South Plant in Fenton, Mo., 1966-70 
[analyses by St. Louis County Water Co,] 


Characteristic Minimum Mean Maximum 
PH------------------------ 7.8 8.2 8.6 
Alkalinity as CaC03 (mg/1) 29 145 210 
Hardness as CaC03 (mg/1) 36 166 236 
Dissolved solids (mg/1) 17 198 428 
Turbidity (JTU)----------- 1 64 2,000 

Table 28 


Fecal coliform bacteria counts 
for the Meramec River varied from 
7 to 3,800 col/100 mi and had a 
median of about 75 for the monthly 
samples collected in the 1970 water 
year. Fecal streptococci ranged from 
16 to 18,000 and had a median of 
55 col/100 mi. Fecal coliform to 
fecal streptococci ratios for individ- 
ual samples averaged about 1.1. 
This indicates that the pollution is 
mostly derived from animal wastes. 


The three-county area is ex- 
periencing a high rate of population 
growth, especially in St. Charles 
and Jefferson Counties. Much of the 
development is in unincorporated 
areas. Because of scattered develop- 
ment, hundreds of individually 
Operated waste-treatment facilities 
are contributing substantial quan- 
tities of treated and partially treated 
waste effluents to the smaller 
streams. 


Miscellaneous samples were 
collected from several streams out- 
side the metropolitan St. Louis 
area, and results of their analysis 
are in appendix 4. Most of the 
samples were collected during times 
of low streamflow. 
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Annual average water-quality characteristics of 


the Meramec River at Fenton, Mo., 


1966-70 


(in milligrams per liter except as indicated; 


analyses by St. Louis County Water Co_] 


Year ending December 31 1966 1967 
Silica (Si02)------------- 6.8 6.4 
Iron (Fe)----------------- 0.04 0.07 
Calcium (Ca)-------------- 34 32 
Magnesium (Mg)------------ 21 19 
Sodium and Potassium (Na&K) 6 6 
Carbonate (C03)----------- 3 2 
Bicarbonate (HC03)-------- 148 138 
Sulfate (80,)------------- 2} 18 
Chloride (Cl)------------- ll 9 
Fluoride (F)-------------- 0.1 0.1 
Nitrate (NO3)------------- 2.2 1.7 
Ammonia (NH3)------------- 0.1 0.1 
Ortho Phosphate (P04)----- 0.11 0.13 
Dissolved solids---------- 201 193 
Alkalinity as CaC03------- 15! 140 
Hardness as CaC03--------- 172 159 
Color (units) ------------- 10 19 
Turbidity (yTu)----------- 40 65 
pH (units) ---------------- 8.2 8.2 


1968 


1969 


142 


The surface water in St. Charles County flows 
over limestone rocks and is a calcium-bicarbonate 
type. Streams in Jefferson County flow over dolomitic 
rocks, and the water is a calcium-magnesium- 
bicarbonate type. The higher magnesium content in 
Jefferson County is accompanied by a higher hardness 
than in St. Charles County. 


Bacteria counts for small streams in St. Charles 
County are generally higher than those in Jefferson 
County and show a higher fecal coliform to fecal 
streptococci ratio, which indicates that the bacteria 
are probably from human wastes. 
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Maline, Gravois, Cold Water and Watkins Creeks, 
and River des Peres are the principal watersheds in 
the metropolitan St. Louis area. They include an 
area of approximately 188 square miles and an 
estimated 1970 population of 1,009,000 persons. 
These streams receive residential, commercial and 
industrial wastes and receive runoff from highly 
urbanized areas to the point where they cannot 
assimilate all the wastes. The Metropolitan St. Louis 
Sewer District (MSD) is currently making a study of 
the area's water resources problems and needs and 
will make recommendations for improvement of 
surface-water quality. 
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Figure 38 


Duration curves of selected water-quality characteristics of the Meramec River at Paulina Hills, Mo. 
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Figure 39 
Areas served by a central water supply. Roman from East-West Gateway Coordinating Council (Water 
numerals indicate the water district numbers. Modified Facilities Map, 1970). 


Water Utilization 


WATER UTILIZATION 


The principal uses of water in the three-county 
area, the estimated amounts used, and the source of 
the water are shown below: 


Source and amounts 
(mgd 


Public water supply *, + 


Rural use 3 6 
Irrigation See text 

Thermoelectric power * 819 ~ 
Self-supplied industrial * 9 15 


Total 


* Data from Missouri Water Resources Board, 1970. 
Census of Public Water Supplies in Missouri, 1969. 


Approximately 97 percent of the water used in the 
three-county area comes from a surface-water source, 
2 percent of the water used is pumped from alluvial 
aquifers, and 1 percent is pumped from bedrock 


aquifers. More than 85 percent of the surface water 
used is from the Mississippi River. 

Figures for public supply include water used by 
municipalities, water-supply districts, subdivisions and 
trailer courts. Figure 39 and table 29 show the 
cities and public water-supply districts served by a 
central water supply. The City of St. Louis and the 
St. Louis County Water Company account for 
approximately 289 of the 292 mgd of surface water 
used for public water supply. Rural use is for both 
domestic and livestock purposes and was estimated 
based on census figures. The amount of water used 
for irrigation will vary with rainfall. In 1968 it was 
estimated that approximately 60 million gallons per 
year were used for irrigation of crops. A little over 
half of this amount was from wells. An undetermined, 
but probably small amount of water is withdrawn 
from wells in the Mississippi River alluvium of St. 
Charles County. Water from these wells is pumped 
into reservoirs to provide a suitable habitat for 
waterfowl during the hunting season. By far the 
largest use of water is for the generation of thermo- 
electric power. This is largely a nonconsumptive use, 
the water being used primarily for cooling. 


SUMMARY AND CONCLUSIONS 


SURFACE WATER 


No shortage of surface-water supplies is fore- 
seeable for major users who are able to tap the large 
rivers of the area. Of the large amount of available 
surface water (114,000 million gallons per day on the 
average), only about 1,120 million gallons per day is 
withdrawn for all uses. 


Those who are interested in supplies from the 
smaller tributary streams face more difficult problems. 
The natural flows of streams in St. Charles and St. 
Louis Counties and the northern two-thirds of 
Jefferson County are generally highly variable. In 
these areas, as shown in figure 26, a lack of natural 


sustained low flows makes it necessary to utilize 
storage reservoirs when year-round  surface-water 
supplies are required. Streams in southern Jefferson 
County have a more consistent flow pattern and 
better-sustained low flows. However, major water 
users would probably require storage reservoirs in 
this region also. 


Impoundments may not be necessary to insure 
adequate quantities of water in the lower reaches of 
many tributary streams. These reaches are ponded by 
backwater from the Mississippi and Missouri Rivers, 
thus maintaining a dependable supply in the channel. 
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Table 29 
Water-Supply Facilities In The St. Louis Area 
Average 
No. pumpage 
Municipality on (million 
or operating map gallons 
agenc Fig. 39 Source r da 
St. Louis County 
Kirkwood 1 Ranney well: Aux, Meramec 3.500 
River and St. Louis County Water Co, 
Eureka 2 3 wells -172 
Times Beach 3 1 well . 100 
St. Louis County 4 St. Louis County Water Co, 041 
Water District No. L 
St. Louis County 5 St. Louis County Water Co. 041 
Water District No, 2 
St. Louis County Water Co. 100.000 
South Plant 6 Meramec River - 
Central Plant 7 Missouri River + 
North Plant 8 Missouri River = 
Valley Park 9 2 wells «294 
City of St. Louis 
St. Louis City Water Co. 150.000 
Chain of Rocks Plant 10 Mississippi River - 
Howard Bend Plant 1l Missouri River 2 
St. Charles County 
Portage Des Sioux 1 1 alluvial well 0.025 
St. Peters 2 2 drilled wells 0.035 
O'Fallon 3 3 drilled wells 0.533 
Wentzville 4 4 drilled wells 0.350 
St. Charles PWSD No. 1 5 1 drilled well - 
St. Charles County Water Division 
North Plant 6 3 alluvial wells -400 
South Plant 7 2 alluvial wells 0.100 
St. Charles City 3.000 
Plant No. 1 8 Missouri River 
Plant No. 2 9 5 alluvial wells: - 
Mississippi River Bottom 
St. Charles PWSD No. 2 10 Under construction s 
St. Charles PWSD No, 3 lL Dormant = 
St. Charles PWSD No. 4 12 Dormant 73 
Peruque Utilities 13 2 wells * 
St. Charles Utilities 14 1 well ad 


Summary And Conclusions 


Water-Supply Facilities In The St. Louis Area--continued 


Average 
No. pumpage 
Municipality on (million 
ur operating map gallons 
agenc Fig. 39 Source er da 
Jefferson Count 
Cedar Hill 1 2 wells 043 
Crystal City 2 Ranney well - 500 
De Soto 3 2 wells - 650 
Festus 4 5 wells . 500 
Herculaneum 5 3 wells - 280 
Hillsboro 6 3 wells -130 
Pevely 7 2 wells 058 
Jefferson County PWSD No. 1 8 St. Louis County Water Co. .750 
Jefferson County PWSD No. 2 9 St. Louis County Water Co. 173 
Jefferson County PWSD No. 3 10 St. Louis County Water Co. -200 
Jefferson County PWSD No. 4 11 Jefferson County PWSD No. 9 = 
Jefferson County PWSD No. 5, East 12 1 well ~O31 
Jefferson County PWSD No. 5, West 13 1 well 024 
Jefferson County PWSD No. 6 14 2 wells 010 
(Hoene Springs) 
Jefferson County PWSD No. 6 15 1 well 040 
(House Springs) 
Jefferson County PWSD No. 7 16 2 wells 055 
Jefferson County PWSD No. 8 17 1 well -024 
Jefferson County PWSD No. 9 18 2 wells -070 
Jefferson County PWSD No. 10 19 St. Louis County Water Co. = 
Jefferson County PWSD No. 12 20 1 well - 


Modified from East-West Gateway Coordinating Council (Water Facilities Inventory and Evaluation, 


1971). 


However, extensive treatment may be required to 
make the water suitable for use. 


When developments are planned in the tributary 
basins, proposed effluent loads should always be 
balanced against streamflow available for dilution. 
The low-flow potential of the stream is the principal 
limiting factor in effective waste disposal via the 
drainage network and can be evaluated by using 
the analysis and tabulations presented in the ‘‘Low 
Flows” section of this report. 


The low flows of many small tributary streams 
are already greatly augmented by domestic effluent, 
with a net increase in dry-weather flow. From a 
water-use standpoint, augmentation of small natural 


streamflows by this effluent is not desirable because 
of high treatment costs. 

The increase of low flows by urbanization has 
been accompanied by an increase in average annual 
runoff and flood peaks. The intensity of these effects 
depends on the percentage of impervious area in a 
basin and the quantity of effluent entering the 
stream from sewage treatment plants, septic tanks, 
industry and storm sewers. During low-order floods 
(2-year recurrence interval), storm sewers, gutters and 
man-made ditches greatly increase peak flows over 
those that occur in comparable rural areas. During 
greater flood events, they function less efficiently, 
and the difference between urban and rural flood 
peaks becomes smaller. The 25-year flood for a 
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60-percent urbanized basin in St. Louis County 
with an estimated 20-percent impervious area is 
about 2.5 times greater than the 2-year flood, whereas 
the same flood from a rural basin in the area is about 
3.5 times greater than the 2-year flood. The average 
annual runoff for the same urbanized basin is about 
twice that of a comparable rural stream. 


Flood problems will probably become more 
severe on tributary streams in the area as industrial 
and domestic development increase on the flood- 
plains. The time distribution of floods will remain the 
same, barring major climatic changes, with most 
floods occurring in the 5-month period, March 
through July. 


Springs in the study area are of little economic 
value because of their small and highly variable 
discharge. Some of the springs and seeps are becoming 
increasingly polluted as urbanization spreads, further 
limiting their value as a water supply. 


The predominant chemical constituents of water 
in the Missouri River near St. Louis are calcium, 
magnesium, sodium, bicarbonate and sulfate. Varia- 
tions in dissolved-solids content are primarily caused 
by variations in the amounts of these constituents. 
The water is hard and turbidity is relatively high. 
However, impoundments on the Missouri River main 
stem and tributaries over the past 20 years have 
resulted in a significant decrease in turbidity. 


Water in the Mississippi River upstream from 
the mouth of the Missouri River is a calcium- 
bicarbonate type and contains significant amounts 
of magnesium and sulfate in the dissolved solids. 
Turbidity upstream from the Missouri River is 
relatively low and the water is very hard. 


Water from the Meramec River is a CaCO3 
type. The water is hard, and turbidity is normally 
low. 


Water from tributary streams in St. Charles 
County is primarily a,calcium-bicarbonate type. Water 
from streams in Jefferson County contains significant 
amounts of magnesium in addition to calcium and 
bicarbonate. Fecal coliform to fecal streptococci 
bacteria ratios were higher in St. Charles County 
than in Jefferson County, indicating more contamina- 
tion by human wastes. 


The influence of urbanization on water quality 
of small streams is characterized by the generally 
deteriorated condition of the streams in St. Louis 
County, particularly those in the metropolitan St. 
Louis area. 


GROUND WATER 


Alluvial aquifers having the greatest potential 
for development are those underlying the floodplains 
of the Mississippi and Missouri Rivers. Wells capable 
of yielding more than 2,000 gpm can be constructed 
in much of this area. Larger sustained yields could 
be obtained by locating the wells so that infiltration 
would be induced from the river. 


Wells capable of yielding 500 to 1,500 gpm can 
be developed at carefully selected sites in the alluvium 
bordering the Meramec River. Yields exceeding 500 
gpm from wells in the Meramec River alluvium 
probably would require the installation of a well or 
wells capable of inducing infiltration from the river. 


Little is known about the aquifer characteristics 
of the alluvium bordering the smaller perennial 
streams in the area, but it is doubtful whether a 
suitable supply could be developed unless a water- 
supply facility capable of inducing recharge from the 
stream could be installed. This installation would 
probably have to be an infiltration gallery or radial 
collector well. 


Water from the Mississippi, Missouri and 
Meramec River alluvium generally is a calcium- 
magnesium-bicarbonate type. The water is very hard 
and contains significant quantities of iron and 
manganese. Locally, in the Meramec River alluvium 
such as at Valley Park and Times Beach, some wells 
yield a sodium-chloride type of water. 


Wells yielding more than 50 gpm of potable 
water can be developed from the bedrock aquifers in 
the western third of St. Charles County, the extreme 
western part of St. Louis County, and the south- 
western three-fourths of Jefferson County. The most 
important bedrock aquifers in the area are the 
Potosi Dolomite (5), Gasconade Dolomite (4), 
Roubidoux Formation (4) and St. Peter Sandstone 
(3). 
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APPENDIX 1 


GEOLOGIC LOGS OF SELECTED TEST 
HOLES IN ALLUVIUM 


JEFFERSON COUNTY 


43 - 5-13 cbb 
Surface altitude: about 398 ft. 
Depth to water, 15 ft., June 12, 1968 


Clay, silty, dark brown 

Clay, silty, sandy, brown 

Clay, silty, sandy; contains some gravel 

Gravel and sand, medium to coarse 

Gravel and sand, silty, brown; contains 
a few boulders 

Bedrock 


ST. LOUIS COUNTY 


MERAMEC RIVER ALLUVIUM 
Thick Depth 
ness (feet) 
(feet) 
7 7 
5 12 
15 27 
10 37 
41 78 
- 78 


Appendix 7 


43 - 4 - Sbdd 
Surface altitude: about 430 ft. 
Depth to water, 30 ft., June 6, 1968 


Silt, sandy, brown 

Clay, silty, sandy, brown 

Clay, sandy; contains trace of gravel 

Sand, fine to medium, clayey, light brown 

Sand, medium, silty, clayey, brown; 
contains some gravel 


Sand, medium to coarse, silty, clayey; contains 


some gravel 

Sand, coarse to very coarse; contains much 
gravel 

Bedrock 


43 -3-4cde 
Surface altitude: about 455 ft. 
Depth to water, 8 ft., June 5, 1968 


Clay, dark gray 

Clay, sandy, light brown to gray; contains 
some gravel 

Sand, very fine to fine, clayey, tan to gray 

Sand, fine to medium, gray 

Sand, very fine to fine, gray to gray-brown; 
contains some gravel 

Sand, medium; contains some gravel 

Bedrock 


44 -5- 23bbb 
Surface altitude: about 410 ft. 
Depth to water, 24 ft., Jan. 14, 1969 


Sand, fine to medium, silty, tan 

Sand, medium, silty, brown; contains 
some gravel 

Sand, medium to coarse, brown; contains 
some gravel 

Sand, medium to very coarse, silty, brown; 
contains gravel 

Bedrock 


Thick Depth 
ness (feet) 
(feet) 

2 2 
10 12 
10 22 

5 27 
10 37 
20 57 
4 61 
- 61 

Thick Depth 
ness (feet) 
(feet) 

2 2 
16 17 
10 27 
10 37 
20 57 
3 6 
= 60 

Thick Depth 
ness (feet) 
(feet) 

12 12 
10 22 
10 32 
25 57 
57 


44 -5- 35bba 
Surface altitude: about 410 ft. 
Depth to water, 17 ft., June 4, 1968 


Clay, silty, dark brown 

Clay, sandy, silty, dark brown 

Sand, medium, clayey, brown 

Sand, medium, silty, brown; contains gravel 

Sand, fine to medium, clayey; contains 
gravel 

Sand, medium, clayey; contains gravel 

Sand, medium to coarse, clayey; contains 
much gravel 

Bedrock 


44 -3-24dad 
Surface altitude: about 430 ft. 
Depth to water, 28 ft., June 7, 1968 


Silt, clayey, brown 

Clay, silty, sandy, brown 

Sand, very fine to fine, silty, brown 

Sand, fine to medium, silty, brown; 
contains some gravel 


Sand, medium, some fine, silty, clayey, brown; 


contains some gravel 
Bedrock 


Thick Depth 
ness (feet) 
(feet) 

2 2 

5 7 

5 12 

5 17 

5 22 
10 32 
26 58 
- 58 

Thick Depth 
ness (feet) 
(feet) 

2 2 
10 12 
30 42 
10 52 
19 71 
_ 71 
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MISSISSIPPI RIVER ALLUVIUM 


ST. CHARLES COUNTY 


Guirtexe timid apeuearo tt ae en Sided mee en 
ace altitude: t A ness t rface alti : about 430 ft. ness (feet 
Depth to water, 7 ft., Oct. 28, 1969 (feet) = Ses (feet) 
Sand, fine, light tan 2 2 very fine to fine, brown - 7 
Clay, sandy, dark brown 11 13 ror "Somes . 16 23 
Sand, medium, clayey, dark brown a Me Sand, very fine to fine, silty, gray-brown 9 32 
Sand, medium to coarse, gray-brown 15 32 Sand, fine to medium, gray-brown 5 37 
Sand, Coarse to very coarse, gray-brown; Sand, medium to gray-brown 5 42 
contains some gravel 90 122 Sand, fine to very coarse, poorly sorted, 
gray-brown _ a 
Sand, coarse, gray-brown 
48 - 7 - 35abd Thick Depth : ins some 
Surface altitude: about 416 ft. mei tet | coe 25 97 
Depth to water 9 ft., Jan. 23, 1969 (feet) Sand, very coarse, gray-brown; contains 
. some gravel 12 109 
Clay, silty, brown 17 17 Bedrock — 109 
Clay, silty, sandy, gray, brown 10 27 
Sand, very fine to fine, silty, gray-brown 15 42 
Sand, very fine to very coarse, poorly sorted, 44 -1- 14cab Thick Depth 
gray-brown; contains some gravel 5 47 Surface altitude: about 468 ft. ness (feet) 
Sand, medium to coarse; contains gravel 45 92 Depth to water, 14 ft., Feb. 10, 1967 (feet) 
Sand, coarse to very coarse, gray-brown; 
contains some gravel 16 108 i rk brown 1 1 
Gravel and boulders 1 109 eae piviag bee 5 6 
Bedrock — 109 Sand, very fine to fine, silty, clayey, 
brown 10 16 
Sand, fine to medium, gray-brown 15 31 
Sand, medium, gray-brown, some coarse, trace 0 . 
of very coarse sand 
48 -G- 15ada Tk Coen Sand, riedan to coarse, gray-brown, some very 
Surface altitude: about 423 ft. ness (feet) coarse sand, some very fine gravel 10 (51 
Depth to water, 3 ft., Feb. 6, 1969 (feet) Sand, medium, gray-brown, some coarse to very 
coarse sand, contains some gravel from 
posal ds gray vom 15 15 62-66 ft 29 +«2~80 
ilt, clayey, sandy, dark gray; contains q as 
gravel 12 27 Seon = 
Sand, fine to medium, dark gray 10 37 
Sand, medium to coarse, gray; contains 
some gravel 5 42 
Sand, very coarse, gray; contains much é as 44 - 1 - 23cab Thick Depth 
gavel : Surface altitude: about 471 ft. ness (feet) 
sia aa dc Se Depth to water, 18 ft., Feb. 10, 1967 (feet) 
Sand, coarse to very coarse, gray-brown; Clay, silty, brown 1 . 
Selcaea 3 bes Sand, fine, tan, some very fine 8 9 
pac - 490 Clay, dark brown 2. AS 
Sand, fine to medium, light brown, trace of 
very coarse 15 26 
wee medium, bel nbatg pean’ aie some : 
: ine; gravel lens from 37 to t. 5 41 
48 - 6 - 22ada Thick Depth Sand, medium to coarse, some very coarse 
Surface altitude: about 440 ft. ness (feet) sand, some very fine gravel 15 56 
Depth to water, 21 ft., Feb. 6, 1969 (feet) Sand, coarse to very coarse, some medium 
. d, some very fine to fine gravel 5 61 
Clay, silty, gray 2 2 sg . 
Silt, sandy, clayey, brown 10 12 Bae OMS EY TE PUN 7 tee 
Sand, very fine to fine, silty, brown 15 27 
Sand, fine to medium, brown 5 32 
Sand, medium to coarse, brown 5 37 
Sand, coarse to very coarse, brown; contains 
trace of gravel 5 42 
Sand, medium to coarse, gray-brown 10 52 
Sand, fine to medium, gray 20 72 
Sand, medium to coarse, gray; contains 
trace of gravel 5 77 
Sand, coarse to very coarse, gray-brown; 
contains gravel 25 102 
Sand, medium to coarse; contains some 
gravel 20 122 


ST. LOUIS COUNTY 


Appendix 7 


47 -5- 28ddd 
Surface altitude: about 437 ft. 
Depth to water, 17 ft.,Feb. 10, 1967 


Clay, silty, gray-brown 

Silt, light gray-brown 

Sand, medium, light brown 

Sand, medium to coarse, gray-brown, some very 
coarse, trace of very fine gravel 

Sand, medium to very coarse, gray-brown, trace 
of very fine to fine gravel 

Sand, coarse to very coarse, gray-brown, some 


medium sand, some very fine to medium gravel 10 


Sand, very coarse, gray-brown, some medium to 
coarse sand, much very fine gravel, some fine 
to medium gravel 

Bedrock 


47-5- 29 dbd 
Surface altitude: about 440 ft. 
Depth to water, 24 ft.,Feb. 10, 1967 


Sand, very fine to fine, silty, brown 

Sand, medium, light tan 

Sand, medium to coarse, tan, some very coarse 
sand from 26 to 36 feet 

Sand, coarse, some medium, some very coarse, 
trace of very fine gravel 

Sand, very coarse, gray-brown, some medium 
to coarse sand, much very fine to fine gravel 

Sand, very coarse, much very fine gravel, some 
medium to coarse sand, some gravel 1 inch 
long 

Bedrock 


Thick Depth 
ness (feet) 
(feet) 

4 4 
6 10 
16 26 
20 46 
15 61 
71 
45 116 
— 116 

Thick Depth 

ness (feet) 

(feet) 

11 11 
10. =«21 
15 36 
20 = 56 
10 «+66 
300=— 96 
a 96 
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Table 1 


Selected analyses of water from bedrock wells in St. Louis area by aquifer group 


Milligcace per liter 


Date of collection 


Silica (8105) 
econ | 
Bicarbonate (C03) 
Carbonate (C04) 


Specific conductance 
(Micromhos at 25°C) 


(residue at 180°C) 


Sulfate (S04) 
Dissolved solids 


Noncarbonate 


Chloride (Cl) 


Color 


Well number 


Group | (post-Maquoketa ifers 
43-6-31 dab 301 12-19-60 -- 4.8 0,23 see 61 45 , wr = a" 0 lL a Us 0.0 404 387 4 =o batt iste 
44-6-31 cob 409 6-11-41 oe 12 core we-- 262 131 1310 ose 339 i) 262 2,360 ore == 5,050 1190 913 - -- «= 
45-4-12 cdd 383 5-17-35 -- 10 +05 ooe 40 27 48 0,0 316 0 26 22 3.2 2.0 372 211 --- -- en oe 
46-2-1 beb 220 3-7-61 -- 4.2 3 ones 65 28 4 ore 331 o ll 1.5 1 “= 31 275 0 -- --  « 
46-6-35 dde 790 9-20-38 -- 6.8 4 esee §=6211 120 1560 o- 305 0 267 2,670 “e +++ 5,400 1020 770 -- -- oe 
46-7-20 dbe 655 2-27-36 -- 6,0 2 oree 45 25 124 aha 416 3 84 3.0 0 558 214 --- -- “- 
47-6-34 bac 513 1-27-38 soe 8.4 +12 core 30 16 246 oe 396 1 296 34 3.8 3.5 916 139 --- -- -- = 
Group 2 (Kimmewick-Joachin) Aquifers 
44-5-20 adb 365 4-26-41 -- 5.6 --*- ooo 4 26 28 ed 339 0 “9 14 --- -- 424 290 12 hed “oo 
46-1-15 edb 370 3-3-61 -- 4.2 -16 one 62 39 27 oe 34 OG 15 5.0 m | 1.2 355 313 --- -- -- 
46-4-17 beb 810 3-28-61 -- 16 1.0 cer | 126 74 1120 =. 340 t) 357 1,740 2.5 +l 4,070 616 337 -- - 
46-5-2 cb 915 6-1-34 -- is +20 a 4 41 12 ooo 46 3 6.4 6.2 --- 7.4 459 403 --- -- -- - 
47-7-35 dca 1900. =-se- -- 4.0 4.5 we-- 252 188 5960 --- 267 0 23 10,000 oe .4 17,500 --- a <2 2 
48-6-22 aca 619 2-16-34 -- 1.2 -10 cree §=6125 82 1220 = 131 $ 376 1,900 --- -5 4,710 649 542 -- -- 
Group 3 (St. Peter-Everton) Aquifers 
39-7-6 dba 181 11-27-60 -- 7.7 etl woe- = 106 36 25 ted 47 ) 124 8.3 | 4.6 604 497 106 - “2 oe 
42-4-5 bab 18s 1-6-61 -- 5.6 Cy eed 83 31 3.5 oe 379 e 1 2.8 --- +++ 335 335 4 -- es «oo 
42-5-23 dd 150 2-3-61 -- 3.3 -15 ---- 78 28 2.6 o-- 359 t) 7.6 2.0 3 ° su 309 i“ - - 
43-5-4 béb 600 5-9-62 -- 8.0 08 “<< 46 25 9.8 --- 232 ° is 12 re al 270 216 12 -- -- 
45-3-7 dbb 535 3-7-61 -- 6.8 -09 8s 35 7 --- %6 17 B 3 16 420 356 x = “os 
44-4-1 add 798 2-25-37 -- 8.8 -b 325 ms 1810 = 267. += 442 3,320 --- ° 7,270 1,420 --- - -- = 
47-1-19 abc 770 7-30-68 -- 8.0 +04 68 35 40 9.6 420 bY) 70 7.9 i -- 478 313 0 = —- 
47-3-25 ded 820 12-7-67 -- 7.0 -85 66 35 200 u “ge b) 36 291 1.5 0 91s 307 21 - -- + 
48-2-35 add 810 5-18-34 -- 8.0 60 Sat 6.5 3.4 290 -- 436 «640 150 28 --- 6 777 3% --- -- - 
Group 4 (Powell-Gasconade) Aquifers 
39-4-1 beb 185 11-16-60 - 9.7 -08 =-ee 6161 116 22 - 597 t) 386 12 by) 134 1,110 881 391 -- + 
41-2-13 edb 305 12-10-60 -- 7.5 .07 70 43 6 o-- we 7 12 3.5 --- i 352 350 19 -- = 
42-6-30 ade 562 12-7-36 -- 12 -12 14L 92 793 --- 14 tt) 128 1,580 > § --- 3,100 730 620 -- - = 
43-3-18 ced 585 9-5-61 -- 5.0 -08 68 36- 3 oe 348 ti) 16 2.5 ms ti) 314 316 30 -- se oe 
44-1-11 ded 352 3-3-61 -- 18 -20 s-e- 6104 34 37 one 516 0 48 25 al 9.7 600 484 61 a ad 
44-3-35 daa 820 1-18-63 -- 6.3 1.6 cree 80 36 27 - 309 = 23 44 2 ) 422 350 56 ad so ee 
44-5-16 abd 1345 6-1-4 -- 8.0 +20 ere= 464 187 2570 --- 250 8 563 4,370 2.8 +1 4,650 1,930 = - a oh 
45-3-29 acc 1072 6-12-40 ~- 4.0 ores oaee $2 27 “4 7 295 4 22 6.5 o=- -- 324 238 ane Sd -- 
47-2-19 cca 1337 1-7-63 -- 6,0 4.0 cose 63 28 37 4,0 SAL = 45 24 8 ai 406 274 oo- ee “oe 
47-3-20 ada 1500 8-18-66 -- 8.0 +01 cone 47 25 100 8.8 364 0 68 43 1.3 1,2 561 220 sas al Ct ed 
Group 5 (Eminence-Lamotte) Aquifers 
39-3-14 bas 350 11-28-60 -- 5.5 0.06 onee 68 38 26 one 336 «(12 51 iL 0.5 0.2 387 327 31 -- “= oe 
39-5-31 caa 800 6-12-63 == 6.0 +20 core 70 41 2.3 1.2 403 0 18 4,8 al --- 406 344 13 -- “= 
40-6-6 cdb 865 senecee -- 8.0 +04 ahd 61 32 2.9 2,0 310 ++ 18 3.7 ss0 4 337 284 30 -- o-oo 
41-4-27 ddb 1100 8-10-65 -- o-- +30 sere 68 as 7.4 1.5 403 t) -- 8.1 at 3 soe 350 20 -- - 
47-6-18 add 2755 9-23-40 -- 8.4 cone eoe= = 283 112 1620 oe 302 CY) 478 2,690 2.1 --- 6,060 1170 921 = oo 
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Table 2 


Selected analyses of water from wells in alluvial deposits in $t. Charles, St. Louis, and Jefferson Counties, Missouri 


§ 2 32 

3 3 3s . 

: g z i 

g 5 % 

3 : is ] ; 
3 33 3 & 
z a ze iz 3 


Merawec River Alluviue 


43-3-10 be 7 6-6-68 “4 n 2.2 0.50 ae 6 6.5 0.8 x20 «C0 10 6.2 0.2 0.0 321 281 ° 3397.7 7 
43-3-11 odd 4 6-6-68 +e) 9.1 1.9 -32 130 20 4.0 1.4 476 «60 38 3.8 0 4 Bt 456 to 75 «67.8 3 
43-3-22 das a2 6-5-68 16 il 7.5 1.6 20 9.3 $.0 1.2 100 600 uu 2.7 2 0 122 88 6 2100 «7,1 7 
44-46-31 dea “0 6-6-68 6 2 1.9 L4 77 32 so 2.5 3760 (0 33 72 <2 0 476 324 ty 837 7.7 3 
44-46-14 coe 42 6-7-68 13 u pe -00 60 is 26 1.8 212. (0 ch] 47 -i 9,3 337 224 30 3697.4 s 
44-5-10 cee 33 6-4-68 6 8.9 +20, 1,3 36 1s 42 3.4 ws 60 72 4 sk -0 351 201 so 593 7,4 $ 
44-5-17 edb 63 8-27-69 “6 12 = -61 8&7 26 140 4.6 i386 (0 108 277 PS | 0 742 324 195 1290 «7.6 2 
44-5-18 dda 62 8-27-69 BS 8 -00 -33 57 16 26 2.2 i386 oo 6a 32 -0 4.2 331 208 78 3% 7.5 2 
44-5-27 bad 38 6-4-68 5 10 3.6 1.2 98 33 9.4 1.4 403 «0 62 8.4 3 3 438 360 so 47) 747 3 
43-5-13 cab ae 6-11-68 ---- 9.2 3.4 80 $i “ 23 1.8 212. «0 32 24 0 3 283 185 ul 467,744 2 
43-S-1 ced 43 6-7-68 12 9.1 -10 -00 % is 7.7 Pe 132 (0 % 18 -l 4.8 201 152 as yt «(7.3 s 
Misatesippt and Missourt Rivers Alluvium 
44-1-23 cab 4e 2-3-67 15 26 2.8 2.7 172 x it $.3 662 0 35 2.4 +2 0 641 586 42 1020 7.1 9 
44-3-15 bod 47 10-30-69 «13 u 5.7 -82 10? 20 16 1.0 386 (0 46 15 = 0 aig 34g 32 689 «7.6 1 
47-4-23 bed 100 10-30-69 13 37 8.7 39 oS x” 16 2.0 306 0 4 1.7 3 421 452 389 ° 7% «(7.6 5 
47-5-2 bdd 46 10-29-69 14 24 1.0 -15 4“ 10 4.0 2.6 1a 0 7 os -5 2.8 205 156 $ 216 «(7.8 9 
47-72-13 dec 46 10-27-69 «14 24 19 -80 133 u 7.0 3.9 312, 8 70 2.0 -3 el 552 460 40 872 8.0 5 
47-86-20 aad 50 10-27-69 14 30 29 2.1 169 a7 16 5.4 764 «0 1.6 3.8 +2 3 690 616 ° 1070 wd iG 
48-2-12 bbd x” 10-30-69 13.5 2% 8.0 -97 9 20 u 1.0 312 «8 72 7.0 = -0 388 307 si 616 «67.3 2 
48-3-16 bd 89 10-30-69 13.5 29 1% 1.2 76 v 9.2 1.3 316 «(0 7.2 5.9 2 1.0 304 260 9 $04 «7.5 2 
48-5-23 bad 56 10-28-69 12 27 9.3 1.2 93 23 8.2 4.6 %O0 O08 53 4.6 -4 ot 392 327 48 886 «8.1 is 
48-6-15 beb 116 10-28-69 14 27 7.6 18 120 32 ul 4.6 544C“ a 3.2 2 2.6 489 431 ° 606 «8.1 5 
48-7-20 cac 47 10-28-69 13 27 4.8 53 118 26 4.3 4.6 460 «0 25 3.2 2 1.1 441 402 24 716 «8.2 5 
49-5-34 ddd 52 10-30-69 12 30 9.7 +62 82 1? 8.6 1.9 325 0 28 = +2 +) 339 275 8 $26 8.0 33 
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WATER RESOURCES OF THE ST. LOUIS AREA, MISSOURI 


APPENDIX 3 


STREAMFLOW STATISTICS AND FLOW-VARIABILITY DATA 
FOR MISSISSIPPI AND MISSOURI RIVER STATIONS 


Statistical and flow-variability data are presented 
so that water managers and planners will have values 
of daily streamflow in a form which is readily 
adaptable to their needs. 

Further analysis of these data was not justified 
at this time. However, future research plans of the 
Water Resources Division include systems analyses of 
the Mississippi and Missouri basins. 

Scientific notation (for example, 0.036=0.36x 
10-1) is used in the statistics of monthly and annual 
means. In this format a decimal is always placed 
immediately to the left of the first digit in the 
mantissa, with the two digits immediately after 
the “E” indicating the exponent of 10 needed to 
compute the correct data value. The following 
examples illustrate the use of the “E’ format: 


—0:424 E —01 = -0.424 x 10-1 = 0.0424 
0.424E-01= 0.424X10-'= 0.0424 
0.424E OO= 0424X109 = 0.424 
0424E O1= 0.424xX10! = 


98 


The lowest and highest mean discharges for 
each year and their ranking are shown for each of the 
three stations in this appendix. The order numbers 
are included for the convenience of the user who may 
want to construct frequency curves for these stations. 
Note that climatic year data (April 1 - March 31) 
used in computation of lowest mean discharges and 
water year data (October 1 - September 30) are used 
in computation of highest-mean-discharge data. 


Tables of duration of daily discharges are 
shown for each station. A cumulative frequency 
curve (flow-duration curve) showing the percent of 
time during which specified discharges were exceeded 
in a given period may be plotted from these data. 
Logarithmic probability paper is recommended for 
these plots because it tends to straighten the flow- 
duration curve. 


net 
NST74F 
Nelanre 
N.47GGe 
Ne LASOF 
N,ASS0F 
NeALSSE 


“eT 
O.5177F 
OR SSGF 
O.2947F 
.225AF 
O.5726F 
O.ALSLE 


oct 
M,L131F 
Oe VGORE 
NeA251F 
O-1907F 
0.5526E 
O.5751F 


MISSISSIPPI RIVER AT ALTON, fue 056587600 


STATISTICS ON NORMAL MONTHLY MEANSTALL DAYS) 


BY ROWS (MEAN, VARIANCE, STANDARD DEVIATION, SKEWNESS, COEFF, OF VARIATION, PERCENTAGE OF AVERAGE FLOW, FIRST ORDER SERIAL CORRELATION COEFF.) 


nnv NFC JAN FER MARCH APRIL May SHINE JOLY Aue SFPT 

NS O.AINKE 05 1.5332F O5 N.6ORRE 05 1,.73N9F 5 0.1227F MA OLITZ4E On OF 153RE OF 0.1337F OF 0.1039F 0A O.LAIORF 95 O.5700F 14 
10 9.1375E 19 0,4394F 09 0.1063E 10 O.95KNF 09 0.2532F 10 0.433NF 10 0,4365F 10 O.4IK41F 10 0,424614F 10 O.5500F 9 O,7003F 09 
O5 O.370RF 05 0.2N96E 05 0.32K0F NS 1.3N95F 15 9.50327F 05 ALASAIF O% O.4607F 05 D.AG5NF 05 1.4913F 05 0,734645F 05 0, 2AGAF 04 
O1 O.1F72F 91 O,R341F O00 O.1539F O01 O.2A97E 00-0.A154E-01 0.462R7E AN ALSIRIE ON O.9AIAF 00 O.R350F 00 O.83990F 00 0.1782F O1 
00 O.AOTOF 00 0.3931E 00 0.5354E 00 0,.4235F 00 0.410NE 00 0,3A812F OF 0.4297F OO O.4R2KF ON 1,4730F 00 0,3R40F OO 0.44427F ON 
O1 O.5501F 01 0.4A02F O1 0.54A3F 11 O.A5R3F 01 N.LIN5SE O2 0.1555E OF N.13R5E 02 0.12046F 02 0.9353F O1 O.5501F M1 O.5144E O01 


STATISTICS ON NORMAL ANNUAL MEANS(ALL DAYS) 


MEAN VAR TANCE STANDARN DEVIATION SKEWNESS CNEFF, NF VARTATION SFRTAL CNRe 
9.9752F 05 O.7R5ARE O9 O.2R03F 05 0.1993F-01 ,3030F 00 O.23aRE 00 


MISSOURI RIVER AT HERMANN, MO, 069346500 


STATISTICS ON NORMAL MONTHLY MFANSTALL DAYS) 


BY ROWS (MEAN, VARIANCE, STANDARD DEVIATION, SKEWNFSS, COEFF. OF VARIATION, PERCENTAGE OF AVERAGE FLOW, FIRST ORDER SERIAL CORRELATION COEFF) 


NV. DEC JAN FER MARCH APRIL MAY JUINE JULY aug SFPT 
O05 0.5095F 05 0,33467E 05 0.3492E 05 0.4754E 05 O.77A7E O5 O.1057F OF 0.9970F 05 0.122ARE 04 0.9424E 05 O.55AKF 15 N.5A431F 05 
09 N.1N2AF 19 0.2465A4F 09 O.3191E 99 O.h4272F 09 0.153RF 10 O.4076E 10 O.2716E 10 0.5343E 10 O.4ARSF 10 N.ATITE 9 0.139346F 10 
05 0,.3206F 05 0.1567F 05 O.17R6E 05 0.2504E 05 0.3921F 05 .63A6E 05 9,5212F 05 0.7323F 05 0.69R9E 05 0.7596F 05 OL3K53F 05 
OF O.1ARTE 01 .9223E Of O.KIGLE 90 0.1337F OL O.RG2RE OO 0.1222E O1 O.LOITE 01 O.12R1F M1 0.3376F OF O.1512F O1 O.2774E OL 
NO 0.6293F 00 0.44554E 00 N.S1I5E 00 O.5247F Of 0.5049E O00 N.4039F 00 0.5227F 00 0,5964E 00 0.72h2E 00 O.4A44F OO O.ASRHE 00 
O01 O.6119F 0) 0.4046F O01 O.4196F O1 N.5710F O1 0,9327AF O1 O.1L270F 02 O.LISDTE 02 O.1475F 02 O.W1L15H6F 02 O.ATIOF O1 O.ATHZE OL 


STATISTICS UN NURMAL ANNIIAL MEANSTALL NAYS) 


MEAN VAR TANCE STANDARD DEVIATION SKEWNESS COEFF. NF VARTATTION SFRTAL CORR 
O.AG39F 08 O.6A49E 09 O.2617E 05 9.5932E 00 0.3772£ 00 0.4023E 00 


MISSISSIPPI RIVER AT st. Lou's, MO. 07010000 


STATISTICS ON NORMAL MONTHLY MEANS(ALL NAYS} 


BY ROWS (MEAN, VARIANCE, SIANDARD DEVIATION, SKEWNESS, COEFF, OF VARIATION, PERCENTAGE OF AVERAGE FLOW, FIRST ORDER SERIAL CORRELATION COEFF) 


NOV DEC JAN FER MARCH APRIL MAY JUNE JULY AUG Seer 
Of O41121F 06 O.AAKIE 05 0.9620F 05 0,1229F OF 0.2005E 06 0.2RORE OF 0.2521E OF 0.255RF OF 0.2065F 06 C.121AF 06 0.11R2E 04 
10 0.41A0E 10 0, 1096E 10 0.24606E 10 0.29NRE 10 O.4577E 10 06136HE 11 O,1ORIE 11 O,1GRRE 11 OL11A5F 11 0.1737E 10 0.3573E 10 
5 O.6465F 05 O.3311E 05 0.4905F 05 0.5392F 05 O.A1IOE 05 0.1169E 06 O.1040F 06 0.1220F OF O.10R9E 06 0.4183E 05 0.5977E 05 
O1 0.2019F O1 0,A313E 00 O.1260E 01 0.4990F 00 O.A264E-01 O.A43AS6E 00 O.6H12F 00 O.1131F OL 0.214RE 01 0.7594F 00 0.2044E 0} 
00 0-5767E 00 0.3820E 00 0.5098E 00 0.43RRE 00 0.4043E 00 0.4162E 00 0.4124E 00 0.4767F 00 0.5272F 00 0.3423F 00 0.5054F 00 
O1 O.5700F O1 O.4407E O1 O.4ADIE O1 0.624RE 01 0.1020E O2 0,142RE 02 0.12A2E 02 0.1301F 02 0.1050F 02 0.6192F 0} O.AO11E O1 


STATISTICS ON NORMAL ANNUAL MEANS(ALL DAYS) 


MEAN VARIANCE STANDARD DEVIATION SKEWNESS COEFF. OF VARTATION SERTAL CORR 
0.1639E 06 0.24687E 10 O.49A7E 05 0.1023€ 00 0.3043E 00 O.34A7E 00 
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€ Xjpuaddy 


OOL 


MISSISSIPPI RIVER AT ALTON, IeL. 05587500 


LOWEST MEAN CISCHARGE, IN CFS, AND RANKING, FOR THE FOLLOWING NUMBER OF CONSECUTIVE DAYS IN YEAR ENDING MARCH 31 


if 54 1500040 L 1580020 1 19600/0 L 2260b%0 4 2510000 4 2770820 5 2910090 3 300b820 2 3086820 2 7O88845 T 
1935 23900.0 14 24100.0 13 25700.0 11 27700.0 13 29600.0 Ll 32500.0 It 33000.0 6 33600.0 6 37700.0 8 61900.0 5 
19 3€ 27200.0 19 2850060 18 3100020 21 32900.0 21 34800.0 19 36800.0 18 41000.0 19 46600.0 21 46100.0 16 100000.0 19 
1937 21600.0 10 21600.0 9 21700.0 7 21900.0 2 22300.0 2 25300-0 1 30400.0 5 41100.0 17 42200.0 11 79000.0 11 
1941 253C0.0 15 25800.0 15 27200.0 15 28300.0 15 30400.0 14 30900.0 8 35900.0 14 40800.0 L6 44300.0 13 56900.0 3 
1942 21000.0 9 21900,0 LO 26200.0 12 26600.0 Ll 28600.0 9 38300.0 20 58700.0 25 68300.0 27 93900.0 28 113000.0 23 
1943 48100.0 31 49000.0 31 5010020 31 54900.0 31 71500.0 31 83100.0 30 86200.0 30 89200.0 29 95000.0 29 121000.0 27 
1944 30600.0 25 31100.0 24 35100.0 25 37400.0 24 40300.0 24 43600.0 23 44200.0 21 46400.0 20 49600.0 21 120000.0 26 
1945 30200.0 23 30600.0 23 31700.0 23 33300.0 22 34900.0 21 37200.0 19 38800.0 17 39400.0 14 44700.0 15 114000.0 24 
1946 41100.0 30 43100,0 30 45900.0 30 7300.0 29 52000.0 29 58700.0 27 59900.0 26 66600.0 25 71300.0 25 135000.0 29 
1S47 34400.0 26 36300.0 27 37100.0 26 42200.0 26 51900.0 28 55300.0 25 58200.0 23 65600.0 24 70100.0 23 92000.0 16 
1948 28000-0 20 28300.0 17 28700.0 16 29900.0 L7 34800.0 20 39500.0 21 41000.0 20 42200.0 18 44600.0 14 128000.0 28 
1949 15800.0 -2 17600.0 2 22500.0 9 23500.0 6 25200.0 5 26500.0 3 28500.0 2 30000.0 3 38200.0 10 80200.0 13 
1950 19000-0 6 20400-0 7 21600.0 6 23500.0 7 30800.0 15 33100.0 12 3510020 12 35100.0 8 47400.0 18 79200.0 12 
1951 22500.0 11 22900.0 Ll 24100.0 10 26400.0 10 28500-.0 8 30400.0 7 33600.0 8 35400.0 9 37800.0 9 97900.0 18 
rss2 35400.0 28 39300,0 29 45100.0 29 52400.0 30 70200.0 30 89000.0 31 93000.0 31 95800.0 31 98200.0 30 153000.0 31 
19£3 25700.0 16 29000-0 20 29300-0 18 3100060 18 3290020 17 34800.0 15 38300.0 16 40000.0 15 47300.0 17 103000.0 21 
1954 27100,.0 18 27200.0 16 28900.0 17 29300.0 16 30100.0 12 32300.0 9 34800.0 11 36200.0 10 36800.0 5 75300.0 9 
1955 36700,0 29 38800.0 28 43100.0 28 46600.0 28 50100.0 26 57900.0 26 61400.0 28 66800.0 26 71800.0 26 95500.0 17 
195¢€ 23800.0 13 25200.0 14 26300.0 14 27800.0 14 31200.0 16 33700.0 14 34300.0 9 34600.0 7 36400.0 4 61200.0 4% 
1957 17400.0 3 18800.0 3 19600.0 2 20500.0 Ll 21800.0 1 26400.0 2 29400.0 4 31300.0 4 35000.0 3 56600.0 2 
1958 30200.0 24 313C00.0 25 32900.0 24 33500.0 23 37200.0 22 42500.0 22 45400.0 22 46800.0 22 48400.0 20 79000.0 10 
1959 18500.0 5 19600.0 4 22100.0 8 25400.0 9 28300.0 7 29200.0 6 33500.0 7 32500.0 5 37500.0 6 71600.0 8 
LS6C 28400,0 22 29900,0 21 31200.0 22 38500.0 25 51100-0 27 51200.0 24 58600.0 24 64500.0 23 70900.0 24 90100.0 15 
AGEL 268CC.0 17 28600.0 19 30800.0 19 31800.0 19 33100.0 18 35700.0 17 39800.0 18 43900.0 19 4790020 19 114000.0 25 
1962 28200.0 21 30400.0 22 30800.0 20 32700.0 20° 40200.0 23 60800.0 28 60500.0 27 72800.0 28 89400.0 27 110000.0 22 
1962 23400.0 12 24100.0 12 26200.0 13 26700.0 12 29200.0 10 33500.0 13 35600.0 13 38500.0 12 49900.0 22 101000.0 20 
1964 19200,0 7 19900.0 § 21500.0 5 22600.0 5 23200.0 3 26800.0 4 27300.0 1 27200.0 1 29000.0 1 §1200.0 1 
1965 17800.0 4 19900,0 6 20700.0 3 22200.0 3 27000.0 6 32300.0 10 34500.0 10 36300.0 11 37700.0 7 68100.0 6 
1966 35100-0 27 36100.0 26 4130020 27 4300020 27 45400.0 25 63000.0 29 79000.0 29 90000.0 30 98500.0 31 141000.0 30 
1967 19200.0 8 20900,0 8 21500.0 % 23600.0 8 30300.0 13 35300.0 16 36000.0 15 38900.0 13 42300.0 12 82400.0 14 
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tot 


MISSISSIPPI 


RIVER 


HIGFEST MEAN DISCHARGE, IN CFS+ AND RANKINGe FOR THE 


1 
$7200.0 
231000.0 


218000.0 
253000.0 
128000.0 


219¢0C0.0 
253000.0 
434C000.0 
392000.0 
3c7000.0 


313000.0 
378000.0 
362000.0 
218000.0 
256000.0 


330000.0 
337000.0 
232000.0 
196CC0.0 
207000.0 


162000.0 
174000.0 
204CC0-0 
219000.0 
374000.0 


245C00.0 
336000.0 
177000.0 
204000.0 
380000.0 


256000.0 
264000.0 


32 


3 
96800.0 
228000.0 


209000.0 
251000.0 
114000.0 


214C00.0 
248000.0 
416000.0 
386000.0 
303000.0 


311000.0 
374000.0 
359000.0 
217000.0 
252000.0 


328000.0 
337000.0 
229000.0 
195000.0 
205C€00.0 


i52000.0 
166000.0 
201000.0 
218000.0 
371000.0 


242000.0 
334000.0 
174000.0 
193000.0 
378000.0 


243000.0 
262000.0 


7 
94700.0 
216000.0 


189000.0 
240000.0 
102000.0 


207000-0 
241000.0 
387000.0 
371000.0 
296000.0 


299000.0 
362000.0 
348000.0 
211000.0 
250000.0 


323000.0 
335000.0 
217000.0 
193000.0 
200000.0 


140000.0 
147000.0 
181000.0 


214000.0° 


362000.0 


232000.0 
329000.0 
164000.0 
166000.0 
376000.0 


228000.0 
258000.0 


5 
easod-0 
203000.0 


181000.0 
208000.0 
96700.0 


194000.0 
230000.0 
336000.0 
343000.0 
284000.0 


266000.0 
360000.0 
316000.0 
193000.0 
242000.0 


319000.0 
321000.0 
194000.0 
183000.0 
176000.0 


136000.0 
137000.0 
156000.0 
207000.0 
338000.0 


211000.0 
316000.0 
161000.0 
150000.0 
365000.0 


211000.0 
244000.0 


AT 


ALTON, 


ILL. 


05587500 


FOLLOWING NUMBER OF CONSECUTIVE DAYS IN YEAR 


30 
75800.0 
199000.0 


176000.0 
176000.0 
87600.0 


170000.0 
202000.0 
296000.0 
295000.0 
265000.0 


241000.0 
351000.0 
264000.0 
178000.0 
225000.0 


316000.0 
293000.0 
172000.0 
163000.0 
151000.0 


126000.0 
135000.0 
145000.0 
181000.0 
302000.0 


184000.0 
305000.0 
150000.0 
134000.0 
359000.0 


189000.0 
223000.0 


60 
58900.0 
180000.0 


168000.0 
153000.0 
77300.0 


140000.0 
183000.0 
268000.0 
274000.0 
238000.0 


185000.0 
281000.0 
215000.0 
167000.0 
208000.0 


276000.0 
258000.0 
154000.0 
152000.0 
130000.0 


110000.0 
132000.0 
127000.0 
154000.0 
278000.0 


170000.0 
254000.0 
125000.0 
116000.0 
295000.0 


185000.0 
182000.0 


32 


90° 
52100.0 3 


172000.0 


156000.0 
155000.0 
77000.0 


129000.0 
160000.0 
244000.0 
256000.0 
239000.0 


167000.0 
274000.0 
187000.0 
146000.0 
195000.0 


237000.0 
223000.0 
141000.0 
145000.0 
126000.0 


95500.0 
130000.0 
106000.0 
142000.0 
251000.0 


158000.0 
226000.0 
120000.0 
100000.0 
252000.0 


178000.0 
165000.0 


120 


£7100.0 3 


170000.0 


137000.0 
145000.0 
71100.0 


117000.0 
161000.0 
227000.0 
233000.0 
223000.0 


160000.0 
249000.0 
156000.0 
131000.0 
186000.0 


238000.0 
200000.0 
136000.0 
133000.0 
119000.0 


87800.0 
127000.0 
96900.0 
137000.0 
224000.0 


139000.0 
199000.0 
107000.0 

68900.0 
224000.0 


166000.0 
159000.0 


ENDING SEPTEMBER 30 


163 


42900.0 3 


150000.0 


103000.0 
125000.0 
64600.0 


95600.0 
150000.0 
191000.0 
182000.0 
175000.0 


148000.0 
188000.0 
123000.0 
111000.0 
158000.0 


208000.0 
168000.0 
124000.0 
108000.0 
103000.0 


77600.0 
105000.0 
90000.0 
113000.0 
178000.0 


115000.0 
167000.0 
87600.0 
70800.0 
176000.0 


146000.0 
128000.0 


ANNUAL 
37200.0 


107000.0 


72700.0 
86500.0 
47200.0 


72800.0 
133000.0 
142000.0 
115000.0 
112000.0 


109000.0 
127000.0 
62500.0 
75200.0 
106000.0 


130000.0 
130000.0 
85300.0 
72900.0 
83300.0 


57200.0 
71200.0 
68500.0 
76000.0 
127000.0 


84000.0 
129000.0 
64600.0 
51200.0 
118000.0 


111000.0 
84900.0 
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LA 
0 
1 
2 
= 
4 
5 
é 
i 
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$s CFS 

C.CC 
15C€C0.00 
17€C¢C.CO 
igCCc.00 
<cccc.00 
22CCC.0C 
25CCC.00 
28cco.co 
2cCCO.0C 


TOTAL 


accu 
11688 
11688 
11681 
11677 
11660 
11583 
114C2 
bLi2s 
1ce57 


PERCT 
100.0 
100.C 
99.9 
99.9 
99.8 
99-1 
97.6 
95.2 
92.9 


MISSISSIPPI 


RIVER 


AT 


ALTON, 


ILL. 


05587500 


OURATICN TABLE OF DAILY DISCHARGE FCR YEAR ENDING SEPTEMBER 30 


CLAS 
9 


S CFS 

34000.00 
37C00.00 
41000.00 
46000.00 
§0000.00 
56000.00 
62C€00.00 
68000.09 
76000.00 


TOTAL 


550 
683 
157 
StL 
612 
567 
487 
573 
505 


ACCUM 
10099 
9549 
8866 
8109 
7598 
6986 
6419 
5932 
5359 


PERCT 
86.4 
Bl.7 
75.9 
6944 
65.0 
59.8 
54.9 
50.8 
45.9 


cl 
18 


ASS CFS 
84000.0 
92000.0 

100000.0 
110000.0 
130000.0 
140000.0 
150000.0 
170000.0 
190000.0 


TOTAL 
406 
414 
440 
880 
372 
285 
447 
439 
335 


ACCUM 
4854 
4448 
4034 
3594 
2714 
2342 
2057 
1610 
LL7L 


PERCT 
41.5 
38.1 
34.65 
30.7 
23.2 
20.0 
17.6 
13.8 
10.0 


CLASS CFS 

27 2100900 
2a 230000 
29 2659000 
30 290000 
aL 310000 
32 340000 
33 380000 
a4 420000 


TOTAL ACCUM PERCT 


221 
176 
170 
ict 
91 
69 
6 

2 


836 
615 
439 
269 
168 
Vz 
a 

2 
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€0L 


YEAR 
1930 


1931 
1932 
1933 
1934 
1935 


1936 
1937 
1938 
1939 
1940 


1941 
1942 
1943 
1944 
1945 


1946 
1947 
1948 
1949 
1950 


1951 
1952 
1953 
1954 
1955 


1956 
1957 
1958 
1959 
1960 


1961 
1962 
1963 
1964 
1965 


1966 
1967 


LOWEST MEAN 


1 
15000.0 


15800.0 
17300.0 
10700.0 
12400.0 
14400.0 


9300.0 
12600.0 
8300.0 
12600.0 
4200.0 


12200.0 
14000.0 
23200.0 
17900.0 
22900.0 


10000.0 
12800.0 
18000.0 
19500.0 
24900.0 


11000.0 
23500.0 
18900.0 
12500.0 
17000.0 


11800.0 

9000.0 
15000.0 
12800.0 
21400.0 


11000.0 
28800.0 
7530.0 
6210.0 
15400.0 


15000.0 
14300.0 


3 
150C0.0 


15900.0 
18400.0 
11100.0 
12800.0 
15000.0 


9770.0 
13400.0 
8430.0 
13500.0 
4200.0 


12800.0 
16400.0 
24300.0 
18100.0 
24300.0 


10500.0 
15000.0 
18800.0 
19600.0 
27400.0 


12300.0 
24300.0 
19000.0 
12800,0 
18300.0 


12100.0 
10700.0 
16300.0 
13500.0 
22000.0 


11200.0 
30500.0 
8510.0 
6490.0 
17000.0 


15900.0 
14800.0 


MISSOURI 
OITSCHARGE, 


- 
15600.0 


16700.0 
20200.0 
11400.0 
13400.0 
15300.0 


11700.0 
13800.0 
8930.0 
14600.0 
4310.0 


13900.0 
18800.0 
25400.0 
18800.0 
24900.0 


11800.0 
17000.0 
20400.0 
20700.0 
29300.0 


14600.0 
27200.0 
19600.0 
13200.0 
20100.0 


12300.0 
12200.0 
17300.0 
15700.0 
24100.0 


12400.0 
34800.0 
9290.0 
7400.0 
18900.0 


16200.0 
16900.0 


RIVER 
IN CFS+ AND RANKING, FOR 


14 
18700.0 


17400.0 
22900.0 
15100.0 
13800.0 
16000.0 


13400.0 
16100.0 
10300.0 
17200.0 

4810.0 


15900.0 
23200.0 
27500.0 
19100.0 
26800.0 


12800.0 
21000.0 
21500.0 
22100.0 
31300.0 


19400.0 
34400.0 
21200.0 
14000.0 
21000.0 


14200.0 
13900.0 
20800.0 
17800.0 
25600.0 


13800.0 
36200.0 
11500.0 

9360.0 
20800.0 


17500.0 
19100.0 


AT 


HERMANN, 


MO. 06934500 


THE FOLLOWING NUMBER OF CONSECUTIVE DAYS IN YEAR 


30 
20600.0 


19100.0 
26000.0 
18100.0 
15200.0 
18800.0 


15000.0 
17400.0 
12100.0 
20100.0 

6550.0 


16600.0 
31700.0 
38100.0 
19900.0 
30700.0 


18200.0 
26100.0 
24200.0 
24400.0 
32500.0 


23900.0 
41400.0 
23500.0 
16300.0 
23100.0 


15300.0 
14900.0 
23400.0 
20400.0 
26200.0 


18500.0 
39900.0 
16700.0 
14000.0 
23500.0 


30100.0 
20700.0 


60 
26200.0 


22900.0 
2#900.0 
22200.0 
20300.0 
21800.0 


16400.0 
20600.0 
13500.0 
22300.0 

9030.0 


17600.0 
38800.0 
43300.0 
26800.0 
36200.0 


26500.0 
27900.0 
28200.0 
34100.0 
42000.0 


25800.0 
53800.0 
25000.0 
18800.0 
25700.0 


16700.0 
16200.0 
26100.0 
23900.0 
32500.0 


22500.0 
43500.0 
19300.0 
16300.0 
32000.0 


41000.0 
23800.0 


90 
30000.0 22 


26800.0 
32300.0 
24100.0 
21100.0 
24300.0 


23400.0 
25900.0 
15100.0 
25300.0 
11800.0 


17900.0 
51000.0 
47100.0 
29000.0 
44000.0 


34700.0 
33000.0 
32200.0 
40100.0 
50300.0 


30200.0 
66400.0 
29700.0 
21700.0 
27400.0 


17300.0 
17100.0 
28400.0 
30400.0 
40300.0 


25400.0 
68800.0 
22000.0 
17200.0 
35000.0 


43900.0 
24300.0 


120 
33200.0 


2°100.0 
32400.0 
27500.0 
22500.0 
25200.0 


28700.0 
28400.0 
16200.0 
27100.0 
13000.0 


19900.0 
57100.0 
54600.0 
32100.0 
446100.0 


44800.0 
38200.0 
37600.0 
41200.0 
52900.0 


36600.0 
79000.0 
37000.0 
24500.0 
30400.0 


18200.0 
18400.0 
30200.0 
34100.0 
41000.0 


30300.0 
75500.0 
26900.0 
19000.0 
36800.0 


50400.0 
26200.0 


28 


ENDING 


MARCH 31 


183 
33800.0 16 


31100.0 
39700.0 
32400.0 
27200.0 
29300.0 


28500.0 
27800.0 
19000.0 
32400.0 
15100.0 


26700.0 
67400.0 
56300.0 
35500.0 
54400.0 


50800.0 
51000.0 
40800.0 
52300.0 
59300.0 


52200.0 
93300.0 
36100.0 
28800.0 
36800.0 


27500.0 
22800.0 
35100.0 
45600.0 
52400.0 


35600.0 
83900.0 
37500.0 
25400.0 
39800.0 


58700.0 
31500.0 


ANNUAL 


99100.0 33 


“7500.0 
53400.0 
55900.0 
48100.0 
37600.0 


78500.0 
45900.0 
47000.0 
62000.0 
43300.0 


35900.0 
79000.0 
87900.0 
91200.0 
109000.0 


102000.0 
61600.0 
109000.0 
89500.0 
#3600.0 


90400.0 
158000.0 
76900.0 
49600.0 
49100.0 


38100.0 
32800.0 
58500.0 
73400.0 
62300.0 


74100.0 
103900.0 
57900.0 
37500.0 
58800.0 


85100.0 
46700.0 


* (panunuo?) € XIGNAddV 


£€ xipuaddy 


vol 


YEAR 
1929 


1930 


1931 
1932 
1933 
1934 
1935 


1936 
1937 
1938 
1939 
1940 


1941 
1942 
1943 
1944 
1945 


1946 
1947 
1948 
1949 
1950 


1951 
1952 
1953 
1954 
1955 


1956 
1957 
1958 
1959 
1940 


1961 
1962 
1963 
1964 
1965 


1966 
1967 


MISSOURI 


HIGHEST MEAN DISCHARGE, 


1 
407000.0 
164000.0 


121000.0 
267000.0 
178000.0 

82000.0 
454000.0 


140000.0 
185000.0 
229000.0 
244000.0 
107000.0 


250000.0 
425000.0 
544000.0 
565000.0 
396000.0 


202000.0 
484000.0 
330000.0 
235000.0 
263000.0 


615000.0 
366000.0 
174000.0 
142000.0 
178000.0 


139000.0 
192000.0 
337000.0 
189000.0 
328000.0 


401000.0 
275000.0 
134000.0 
199000.0 
304000.0 


182000.0 
367000.0 


3 
401000.0 
151000.0 


94700.0 
262000.0 
168000.0 

70600.0 
450000.0 


133000.0 
171090.0 
224000.0 
232000.0 

99100.0 


249000.0 
408000.0 
519000.0 
525000.0 
389000.0 


191000.0 
478000.0 
322000.0 
228000.0 
248000.0 


600000.0 
362000.0 
165000.0 
131000.0 
167000.0 


125000.0 
186000.0 
331000.0 
180000.0 
326000.0 


389000.0 
267000.0 
130000.0 
194000.0 
300000.0 


165000.0 
363000.0 


IN CFS. 


7 
377000.0 
149000.0 


77500.0 
233000.0 
157000.0 

58000.0 
434000.0 


118000.0 
154000.0 
201000.0 
199000.0 

83600.0 


223000.0 
368000.0 
470000.0 
464000.0 
370000.0 


170000.0 
460000.0 
298000.0 
207000.0 
224000.0 


554000.0 
347000.0 
140000.0 
107000.0 
136000.0 


98000.0 
176000.0 
310000.0 
156000.0 
317000.0 


351000.0 
247000.0 
110000.0 
179000.0 
273000.0 


139000.0 
345000.0 


RIVER 


AND RANKING, 


15 
309000.0 
137000.0 


61200.0 
185000.0 
145000.0 

48000.0 
389000.0 


105000.0 
137000.0 
161000.0 
166000.0 

68600.0 


159000.0 
322000.0 
353000.0 
390000.0 
301000.0 


123000.0 
409000.0 
257000.0 
198000.0 
187000.0 


523000.0 
310000.0 
116000.0 

86000.0 
104000.0 


75000.0 
155000.0 
269000.0 
127000.0 
285000.0 


274000.0 
223000.0 

94100.0 
174000.0 
198000.0 


104000.0 
315000.0 


AT 


30 
273000.0 
109000.0 


58300.0 
135000,0 
128000.0 

46800.0 
322000.0 


96800.0 
115000.0 
142000.0 
127000.0 

60000.0 


121000.0 
247000.0 
274000.0 
330000.0 
244000.0 


88700.0 
352900.0 
184000.0 
177000.0 
155000.0 


481000.0 
272000.0 
102000.0 
84000.0 
88100.0 


58100.0 
123000.0 
240000.0 
118000.0 
232000.0 


201000.0 
171000.0 

76600.0 
124000.0 
159000.0 


87300.0 
255000.0 


HERMANN, 


60 
6 253000.0 


97800.0 


54400.0 
114000.0 
103000.0 

41000.0 
247000.0 


78400.0 
9R100.0 
120000.0 
105000.0 


53400.0 


85600.0 
204000.0 
253000.0 
222000.0 
217000.0 


80800.0 
260000.0 
163000.0 
166000.0 
146000.0 


344000.0 
216000.0 
96300.0 
68700.0 
75600.0 


49200.0 
114000.0 
162000.0 

93400.0 
186000.0 


164000.0 
132000.0 
64300.0 
96000.0 
131000.0 


83300.0 
174000.0 


M O. 


90 
237000.0 
86900.0 


51900.0 
97900.0 
91000.0 
38000.0 
194000.0 


71500.0 
91200.0 
110000.0 
94900.0 
§0900.0 


89600.0 
169000.0 
207000.0 
202000.0 
217000.0 


77200.0 
239000.0 
131000.0 
146000.0 
141000.0 


283000.0 
181000.0 
89000.0 
60600.0 
67000.0 


47200.0 
94000.0 
131000.0 
86300.0 
150000.0 


148000.0 
120000.0 
65700.0 
90000.0 
120000.0 


75300.0 
141000.0 


06934500 
FOR THE FOLLOWING NUMBER OF CONSECUTIVE DAYS IN YEAR 


120 
3 217000.0 


83800.0 


49300.0 
91400.0 
86100.0 
38900.9 
15§9000.0 


67600.0 


85700.0 
106000.0 
93700.0 
48100.0 


76800.0 
149000.0 
182000.0 
180000.0 
209000.0 


77200.0 
216000.0 
121000.0 
142000.0 
138000.0 


257000.0 
160000.0 
89500.0 
57900.0 
64200.0 


46100.0 
86000.9 
115000.0 
82700.0 
135000.0 


129000.0 
105000.0 
61900.0 
81700.0 
119000.0 


69900.0 
125000.0 


ENDING 


183 
2 171000.0 


75600.0 


44200.0 
81700.0 
70900.0 
35600.0 
124000.0 


54500.0 
84300.0 
89000.0 
78400.0 
45600.0 


67400.0 
122000.0 
139000.0 
152000.0 
170000.0 


74400.0 
165000.0 
118000.0 
135000.0 
125000.0 


223000.0 
133000.0 
75700.0 
52900.0 
58900.0 


42900.0 
70900.0 
106000.0 
74200.0 
107000.0 


113000.0 
100000.0 
55300.0 
69400.0 
112000.0 


67300.0 
101000.0 


2 
24 


ar 
21 
27 
39 
10 


34 
20 
19 
22 
36 


30 
11 


SEPTEMBER 30 


ANNUAL 
114000.0 
55490.0 


37100.0 
70300.0 
51900.0 
2900.0 
80000.0 


41100.0 
59000.0 
56600.0 
53200.0 
31000.0 


47400.0 
105000.0 
96500.0 
95900.0 
110000.0 


61900.0 
108000.0 
79900.0 
92700.0 
97200.0 


139000.0 
103000.0 
55300.0 
40800.0 
47200.0 


35100.0 
47000.0 
73500.0 
57100.0 
79200.0 


79200.0 
84900.0 
45000.0 
47400.0 
80100.0 


§9800.0 
66500.0 


* (panunuo2) € Xi\QNAddV 


oe 


IYNOSSIW ‘VIA SINOT “LS FHL AO SIDYNOSIY YFILVM 


SOL 


CLASS CFS TOTAL ACCUM 


o 


1 
2 
3 
4 
5 
6 
T 
8 


0.00 
4200.00 
4900.00 
5700.00 
6600.00 
7700.00 
8900.00 

10000.00 
12000.00 


14244 
14244 
14236 
14231 
14225 
14218 
14208 
14178 
14140 


PERCT 
100.0 
100.0 
99.9 
99.9 
99.9 
99.8 
99.7 
99.5 
99.3 


MISSOURI 


DURATION TABLE OF DAILY DISCHARGE FOR YEAR ENDING SEPTEMBER 30 


CLAS 
9 


Ss CFS 

14000.00 
16000.00 
19000.00 
22000.00 
26000.00 
30000.00 
35000.00 
40000.00 
47000.00 


RIVER 


TOTAL 
214 
479 
552 
728 
746 
864 

1284 
1634 
1246 


AT 


ACCUM PERCT 


14024 
13810 
13331 
12779 
12051 
11305 
10441 

9157 

7523 


98.5 
97.0 
93.6 
89.7 
84.6 
7924 
73.3 
64.3 
52.8 


HERMANN, 


CLASS CFS 


18 


54000.0 
63000.0 
73000.0 
85000.0 
99000.0 
120000.0 
130000.0 
160000.0 
180000.0 


MO. 


TOTAL 
1227 
898 
768 
773 
698 
229 
570 
261 
244 


06934500 


ACCUM 
6277 
5050 
4152 
3384 
2611 
1913 
1684 
1114 

853 


PERCT 
44-1 
35.5 
2961 
23.8 
18.3 
13.4 
11.8 

7.8 
6.0 


CFS_OAYS 
24258100.0 


CLASS CFS TOTAL ACCUM PERCT 
27 210000 178 609 4.2 
28 240000 180 431 3.0 
29 280000 122 251 1.7 


30 330000 55 129 9 
31 380000 39 T4 25 
32 450000 28 35 22 
33 520000 5 7 +0 
34 600000 2 2 +0 


* (panujjuor) € XIGNAddV 


£€ xjpuaddy 


90L 


MISSISSIPPI RIVER AT $ T. LOUIS, MO. 07010000 


LOWEST MEAN DISCHARGE, IN CFS, AND RANKING, FOR THE FOLLOWING NUMBER OF CONSFCUTIVE DAYS IN YFAR ENDING MARCH 31 


YEAR 


1 


3 


7 


14 30 40 90 120 183 ANNUAL 
1934 35200.0 4 36600.0 4 40100.0 5 41800.0 6 44200.0 5 50700.0 5 52100.0 « 54100.0 4% 59400.0 4 120000.0 
1935 39800.0 7 40500.0 7 42600.0 7 45200.0 7 50200.9 & 56700.0 13 62200.0 11 44100.0 9 64600.0 8 100000.0 
1936 43800.0 10 44100.0 8& 46600.0 $ 50400.0 14 51399.0 10 55000.0 @ 47000.0 12 77800.90 17 76400.0 11 179000.0 
1937 39700.0 6 39900.0 6 40400.0 6 41200.0 5 43000.0 4 9300.0 « 60200.0 10 70900.0 12 714600.0 9 125000.0 
193A 27800.0 1 2200.0 2 29800.0 2 34700.0 2 0900.0 3 45900.0 3 47200.0 2 “A100.0 2 57900.0 2 124000.0 
1939 #9100.0 18 51900.0 19 56700.9 20 5800.0 19 65490.0 71 7500.0 24 85200.0 24 91309.0 24 114000.0 25 177000.0 
1940 28000.0 2 2A100.0 1 2200.0 1 28700.0 1 30999.9 1 35700.0 1 41000.9 1 “2600.9 1 45100.0 1 110000.0 
194) 46500.0 15 47700.0 14 48000.0 12 48900.0 9S 49400.0 7 51600.0 6 56200.0 4&4 41400.0 7 71700.0 10 92700.0 
194? 571000 22 57800.0 22 59200.0 22 60700.0 21 62200.0 18 0000.0 25 113000.0 31 129000.0 31 161000,0 33 191000.0 
1943 76200.0 33 78100.0 33 79500.0 33 4000.0 34 108000.0 35 125000.0 34 136000.0 346 142000.0 33 153000.0°32 204000.0 
1944 66700.0 27 66700.0 26 66R800.0 26 67000.0 25 467700.0 22 71400.0 1A. 75300.0 19 #1600.0 20 &7300.0 1A 210000.0 
1945 69000.0 29 69000.0 29 69200.0 2A 69500.0 27 70N700.0 26 73700.0 271 #2900.0 23 #4100.0 22 103000.0 23 221000.0 
1944 69000.0 30 70300.0 30 71200.0 30 71709.0 2A 7AKNN.O 2A = 29300.0 28 99000.0 2R 116000.0 2R 132000.0 30 240000.0 
1947 70100.0 31 722N0.0 32 73000-0 31 76100.0 30 AR7N0.0 30 91900.0 29 97500.0 27 198N00.0 27 127000.0 28 157000.0 
194A 41500.0 & 44109.0 9 47400.0 19 50209.0 10 5500.0 15 70600.0 1h R0600.0 22 AR4R00.0 23 A7100.0 17 237000.0 
1949 52100.0 20 53800.0 270 55500.0 19 58000.0 17 42300.0 19 72100.0 19 74200.0 1A 74300.0 15 95100.0 22 171000.0 
1950 57900.0 23 59400.0 23 62600.0 24 63100.0 23 47900.0 25 AAR00.0 27 91700.0 26 96000.0 25 115000.0 26 165000.0 
1951 42300.0 9 44800.0 10 50200.0 14 56900.0 14 40000.0 16 45900.0 15 69400.0 15 73200.0 13 92500.0 21 188000.0 
1952 80600.0 36 A2100.0 36 85900.0 35 89800.0 35 112000.0 36 144000.0 36 162000.0 34 180000.0 36 199000.0 346 307000.0 
1953 58000.0 24 59800.0 24 61900.0 73 63700. 24 47800.0 24 70400.0 17 74100.0 17 73700.9 14 #5500.0 14 1A0000.0 
1954 45500.0 14 47900.90 15 49000.0 13 50400.0 17 524090.0 11 55600.0 11 59900.0 & 61900.0 & 66000.0 6 125000.0 
1955 64600.0 25 65400.0 25 46400.0 25 47700.0 24 71800.0 27 4500.0 24 A7900.0 25 97300.0 26 109000.0 24 144000.0 
1954 44400.0 11 44800.0 11 46000.0 8 7190.9 8 5NRNM.0 2 §$7000.0 7 §2900.0 5 57300.0 6 67700.0 7 100000.0 
1957 45000.9 13 45700.0 13 47890.0 11 51490.0 15 54f00.0 13 55500.0 10 56400.0 7 57100.0 5 61A200.0 5 91700.0 
1958 55400.0 21 56500.0 21 57300.0 71 61199.0 22 467700.0 23 7£300.0 22 794600.0 21 *2700.0 21 85600.0 15 142000.0 
1959 47600.0 16 48300.0 16 49100.0 14 50400.0 13 $3400.0 12 54200.0 12 67000.0 13 7070.0 11 ®7700.0 19 149000.0 
1940 65800.0 26 67000.0 27 68700.0 27 77100.0 31 9400.0 31 101000.0 31 112000.6 30 122000.0 29 127000.0 29 155000.0 
1961 49000.0 17 49000.0 17 49300.0 15 50700.0 11 54900.0 14 402700.0 14 47300.0 14 77000.0 16 &7000.0 16 191000.0 
1962 77000.0 34 TAINAN. 34 82100.0 34 83100.0 33 949N0.0 32 120000.0 32 133000.9 32 158N00.0 35 1R81000.0 35 21A000.0 
1943 35800.0 5S 371090.9 5S 3f400.9 & 409907.0 & 4A60N.0 & 55700.0 9 401N0.0 9 47700.0 10 90000.0 20 163000.0 
1964 34660.9 3 35400.0 3 34400.0 3 37200.0 3 39800.0 2? 45500.0 ? 47700,.0 3 52800.0 3 5R000.0 3 91500.0 
19465 50600.9 19 5400.0 18 52700.0 18 5R8R00.0 270 60R00.0 17 77100.0 20 71700.0 16 80300.0 19 81300.0 12 129000.0 
1966 70600.0 32 71500.0 31 73200.0 32 77600.0 32 104000.0 33 135000.0 35 135000.0 33 144000,0 34 175000.0 34 226000.0 
1967 44700.0 12 45600.0 12 52300.0 17 5A700.0 1h 43300.0 20 75500. 23 77500.0 20 78200.0 18 82000.0 13 132000.0 
196A 67700.0 28 6200.0 28 69600.0 29 73500.0 29 8719060 29 94700.9 30 107000.0 29 122000.9 30 126000.0 27 179000.0 
1969 77200.0 35 81200.0 35 8400.0 34 93500.0 36 106000.0 34 123000.0 33 138000.0 35 138900.0 32 149000.0 31 177000.0 


***** (panuyuo2?) € XIGNAddW 


ISNOSSIW ‘VIAV SINOT ‘LS FHL IO SIDUNOSIY YILVM 


ZOL 


YEAR 
1934 
1935 


19346 
1937 
1938 
1939 
1940 


194) 
1942 
1943 
1944 
1945 


1946 
1947 
1948 
1949 
1950 


1951 
1952 
1953 
1954 
1955 


1956 
1957 
1958 
1959 
1960 


1961 
1962 
1963 
1964 
1965 


1966 
1967 
1968 
19469 


1 
136000.0 
649000.0 


332000.0 
372000.0 
431000.0 
529000.0 
184000.0 


451000.0 
663000.0 
833000.0 
834000.0 
610000.0 


500000.0 
783000.0 
629000.0 
422000.0 
461000.0 


779000.0 
682000.0 
367000.0 
289000.0 
309000.0 


225000.0 
338000.0 
504000.0 
362000.0 
667000.0 


588000.0 
588000.0 
299000.0 
306000.0 
549000.0 


410000.0 
528000.0 
344000.0 
616000.0 


MISSISSIPPI 
HIGHEST MEAN DISCHARGE, 


3 
134000.0 
641000.0 


326000.0 
365000.0 
426000.0 
514000.0 
178000.0 


446000.0 
649000.0 
820000.0 
829000.0 
608000.0 


4#94000.0 
777000.0 
622000.0 
418000.0 
449000.0 


772000.0 
679000.0 
361000.0 
277000.0 
295000.0 


206000.0 
329000.0 
499000.0 
348000.0 
663000.0 


578000.0 
§83000.0 
291000.0 
293000.0 
544000.0 


345000.0 
525000.0 
339000.0 
613000.0 


IN CFS. 


7 
131000.0 
621000.90 


292000.0 
330000.0 
401000.0 
473000.0 
164000.0 


422000.0 
608000.0 
786000.0 
789000.0 
591000.0 


468000.0 
765000.0 
597000.0 
394000.0 
429000.0 


754000.0 
664000.0 
334000.0 
258000.0 
269000,.0 


183000.0 
327000.0 
477000.0 
311000.0 
648000.0 


543000.0 
568000.0 
258000.0 


277000.0 


518000.0 


342000.0 
518000.0 
317000.0 
596000.0 


AND RANKING, 


RIVER 


15 
124000.0 
560000.0 


274000.0 
299000.0 
357000.0 
396000.0 
145000.0 


344000.0 
539000.0 
670000.0 
711000.90 
547000.0 


387000.0 
736000.0 
529000.0 
363000.0 
396000.0 


719000.0 
612000.0 
296000.0 
234000.0 
237000.0 


174000.0 
299000.0 
431000.0 
‘'290000.0 
409000.0 


449000.9 
535000.0 
240000.0 
252000.0 
49RN00.0 


297000.9 
503000.0 
273000.0 
55R000.0 


AT 


30 
112000.0 
486000.0 


268000.0 
264000.0 
343000.0 
332000.0 
136000.0 


?67000.0 
459000.0 
557000.0 
611000.0 
598000.0 


327000.0 
687000.0 
427000.0 
339000.0 
378000.0 


664000.0 
548000.0 
265000.0 
226000.0 
210000.0 


165000.0 
272000.0 
385000.0 
254000.0 
522000.0 


368000.0 
476000.0 
230000.0 
212000.0 
458000.0 


275000.0 
435000.0 
218000.0 
477000.0 


ST. 


LOUIS, 


40 
98400.0 
428000.0 


240000.0 
235000.0 
293000.0 
302000.0 
125000.0 


212000.0 


375000.0 
§16000,0 
4R7000.0 
449000,0 


261000.0 
531000.0 
339000.0 
332000.0 
351000.0 


522000.0 
467000.0 
250000.0 
218000.0 


194000.0 2 


151000.0 
255000.0 
292000.0 
230000.0 
460000,0 


335000.0 
379000.0 
1”9000.0 


191000.0 3 


389000,.0 


263000.0 
315000.0 
214000.0 
398000.0 


MO. 07010000 


90 
90100.0 
364000.0 


223000.0 
233000.0 
279000.0 
252000.0 
177000.90 


210000.0 
323000.0 
445000.0 
449000.0 
459000.0 


245000.0 
§10000.0 
296000.0 
292000.0 
333000.0 


4A5000.0 
403000.0 
230000.0 
206000.0 
192000.0 


138000.0 
234000.0 
240000.0 
233000,0 
403000.0 


312000.0 
341000.0 
129000.0 
190000.0 
353000.0 


253000.0 
305000.0 
210000.0 
382000.0 


FOR THE FOLLOWING NUMBER OF CONSECUTIVE DAYS IN YEAR 


120 
85400.0 
325000.0 


201000.0 
231000.0 
268000.0 
242000.0 
119000.0 


192000,0 
308000.0 
400000.0 
404000.0 
434000.0 


234000.0 
463000.0 
243000.0 
267000.0 
308000.0 


475000.0 
358000.0 
226000.0 
188000.0 
182000.0 


133000.0 
223000.0 
215000.0 
225000.0 
361000.0 


274000.0 
30R000.0 
174000.0 
16R000.0 
328000.0 


237000.0 
285000.0 
200000,.0 
383000.0 


ENDING 


183 
78200.0 
274000.0 


154000.0 
209000.0 
231000.0 
202000.0 
111000.0 


161000.0 
270000.0 
323000.0 
326000.0 
347000.0 


224000.0 
350000,0 
241000.0 
247000.0 
271000.0 


408000.0 
301000.0 
200000.0 
160000.0 
159000.0 


120000.0 
122000.0 
200000.0 
191000.0 
285000.0 


228000.0 
273000.0 
147000.0 
140000.0 
278000.0 


213000.0 
228000.0 
175000.0 
330000.0 


SEPTEMBER 30 


ANNUAL 
67700.0 


18R8000.0. 


114000.0 
147000.0 
157000.0 
142000.0 


79100.0 3 


120000.0 
236000.0 
235000.0 
209000.0 
223000.0 


173000.0 
237000.0 
163000.0 
170000.0 
199000.0 


2650000 
233000.0 
141000.0 
114000.0 
130000.0 


94000.0 
123000.0 
145000.0 
134000.0 
208000.0 


167000.0 
219000.0 
113000.0 

99600.0 
198000.0 


174000.0 
154000.0 
154000.0 
243000.0 
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MISSISSIPPI RIVER AT $T. LOoutIS, MO. 07010000 


DURATION TABLE OF DAILY DISCHARGE FOR YEAR ENDING SEPTEMRER 30 


CLASS CFS TOTAL ACCUM PERCT CLASS CFS TOTAL ACCUM PERCT CLASS CFS TOTAL ACCUM PERCT CLASS CFS TOTAL ACCIIM PERCT 


0 0.00 O 13149 100.0 9 63000.00 669 116R6 BALD 18 160000.0 ROB 5184 39.4 27 410000 1RR 665 5.0 
1 27800.00 19 13149 100.0 10 70000.00 885 11017 83.8 19 180000.0 629 4376 33.3 2A 450000 148 477 3.6 
2 31000.00 18 13130 99.9 11 78000.00 671 10132 77.1 20 200000.0 656 3747 2f.5 29 500000 127 329 2.5 
3 34000.00 $3. L3UI2 9957 12 86000.00 832 9461 72.0 21 220000.0 522 3091 23.5 30 550000 90 202 1.5 
4 38000-00 62 13079 99.5 13. 96000.00 932 A629 65.6 22 240000.0 565 2569 19.5 a1 610000 4 112 oA 
5 42000.00 167 13017 99.0 14 110000.00 606 7697 58.5 23 270000.0 424 2004 15.2 32 680000 27 4A 3 
6 47000.00 296 12850 97.7 15 120000.00 517 7091 53.9 24 300000.0 333 1580 12.0 33 750000 1A 2. ol 
7 52000.00 407 12554 95.5 16 130000.00 506 6574 50.0 25 330000.0 349 1247 9.5 34 R30000 3 3 +0 
8 57000.00 461 12147 92.4 17 140000.00 BAS F068 4661 26 370000.0 233 898 6A 
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APPENDIX 4 


Compilation of miscellaneous quality of surface-water data collected in the St. Louis area, 1967-70 


Dissolved 
oxygen 


Colonies per 
100 millilicers 


e|¢ is i 
& ele|é 319 | 38 ae 3 
Z a; 9 ae 2/2) 28 38 al § 
| fli lalzgie val bale i 5] 6 ’ 
o e|e Sie ‘oe 
ne: sia idls}s plilds Piste i | og og 
: alai E ee ze s\¥ le. bh | g8 92 3 
|i HL é 2/2/28 ie gla |e 83 123 d5 


Cuivre River near Old Monroe, Mo, 
4 11-3670 eeneee 0.0 1,sa/.30a/ 8.3 6.7 3. eos ‘ese 208 29 8.2 .0 4.6 <-- «2+ 239 170 27 380 7.6 <= <2 ++ 10.5 99 2100 = 1000 200 


Peruque Creek near O'Fallon, Mo. 


10 7-15-70 24 23.5 12 3.9a/  . S6a/ sO. 68,0 IL 2.70 ones one 182 2k «7 3 2.8 s+ sn- 265 156 12 370 7.7 -- == 25 5,0 5B 7200 $800 2900° 
10 L1-4-70 12 8.0 16 1.5a/ .35a/) 57 sts 4.0 ss-- <25 206 3428 a SG ine Wee 999) Ase “SL Ken Fis) eS ae: 398 3300 1100 240 
Dardenne Creek near Weldon Spring, Mo. 
15 7+15-70 3.6 26.5 12 2.¢a/ .62a/ 60 9.0 8.3 2.1 sere en 232 16 6.2 12 «4 aes see 252 186 0 400 80 wee te LCL $800 S000 1500 
tS Ll-3-70 vn 9.0 12 1.0a/ lba/ 47 67.7. 6.2 2.3 cove ene 170 24 5.7 .0 5.2 srr == 208 I50 16 340 7.6 == 2 <== 10,3 a9 880 110 230 
Meramec River at Pacific, Mo. 
360 12-13-67 ------ 6 Lo 19 -O1 20 12 4.3 16 .39 06 109 82 2.35 .2 +2 416 04 126 «6100 «6200 (210 7.3 6 16 15 10,8 87 ween tees eee 
Big River at Byrnesville, Mo. 
50 9-15-67 100 22 5.4 1s +07 35035 S.20 2.0 cnee one 292 46 7.7 42 +2 .02 .0 «6296 «6-281 «420s S22 BL S Jest so BS 96 eee 
530 9 12-13-67 4570 6 9.2 -02 -08 27 4 4.2 2,1 1.0 +03 137: (9 2.6 2 «2 «6.30 «603 157 125 13 (260 7.4 «11 8629 «89226 11.3 9L sees 
Joachia Creek at Hematite, Mo. 
67 «= 9-14-67 S.1 cere 4. 07 046 Si 33 “4 3.0 see one 292 36 «17 tl +2 618 ,0 300) 263) 2H SL BLL Toot ee wee -- a rs 
67 12-14-67 5 8.3 Ww 02 2% 15 4.7 2.0 .36 ,07 122. 24 3.0 «|4t «5.05 .04 158 122 20 254 7.6 21 19 16 11.7 a teee  weee twee 
67 7-16-70 4.9 26.5 9.8 -40a/ — .07a/ 36 3 10 2.0 eves one 4 MH 16 0 +0 nee see 3260 264 26800 B12 we wee LG 91 3600 <100— 400 
67 Lh-$-70 20 7.5 5.9 «laf Olay SK 2.30 <222 ==. 306 43) Mb at «h see eos S38 267) 18 570 7.6 2s te le OH 140 20 64 
Little Creek near Mapaville, Mo. 
TL «94-67 2.5 ---- 4.8 08 +00 3s 23 6.4 2.2 seer evo 200 22 8.9 42 +2 03 .0 20L 182 186 3166 7,9 -- 22 <= cee -- ae 
Plattin Creek at Plattin, Mo. 
76 =7+16-70 6.0 23.0 IL +lea/ -02a/ 50 (27 2.9 1.3 ooo 276 26 3.7 .2 at eco 291 236 «612 «66590 8.2 == <2 os 6,6 76 $400 100 ©=: 1000 
76 1 1-5-70 is 13.5 8.0 -a/  .02a/ 46 27 3.2 1.4 cere one 272% 3.2 «8 8 <-> 275 228 8 460 BB. -- ++ -- 11.6 108 400 4 100 
Plattin Creek at Crystal City, Mo. 
19 9+ 14-67 4.9 +05 91 2 04 52. 31 03,3 1,6 sere ere 8280 270 3.0.2 +3 03.0 2650 257) 28 464 B16 ee we one -- wees cece cone 
79° (12-14-67 6 9.4 +27 +03 3% «621 5.0 2.1 .5@ .04 170 40 2.7 23 +2 618 04 2000 «177-37 3949 707) 222s a3 ALL 89 ores wees sees 
79 (7-16-70 24.5 Lt 49a/ 17a/ 68 «28 3.6 1,5 sere one 278 31 4.2 .2 70 -s+ == 30 284 36 440 8.2 -- <= <-+ 6.6 79 3200 <100 80 
a/ Total 
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APPENDIX 5 


Summary of annual average water-quality characteristics of the Missouri River 
at Howard Bend Plant near St. Louis, Missouri, 1951-70; analyses by City of St. Louis 


Milligrams per liter 


T7T™ 
an 
ao 
N 
art ~~ -~ 
nm ” oO 
om 2 no ~ 
N vu ~ o a] = Oo 
vw = c mn = Ao B ° & 
“~ mass 2 com 8 Sat. ~ ~~ ~ ae o ~ he 
N wed > 4 st el Pant Lal ° 0 Le) on 
f=} * % — va il a. v ° oO is) S aw a ~- v we 
ont wo o (] oot n ~ rae: = cs) > a uw AE 
7) u ~ =} =e 1] g - id a] wv > 3 od 
- A 3 -s w C) o ow ol a » ae) oo 
| = cal ot q ° o as] i=) vu > os c a ot o vo 
Annual avera 5 ae a 3 5316 = 3 i) z rs] om say fn 3 3 acs 
e ‘ 
8 A ecg ] i=] ool -) el io} ° it nn g Le} 2 a ge 
for year ending |= | 2 (51/2/3813 12 | 21¢le2le2| a8 | e838] sa Ei 5 | 38 
March 31 n Hos i] 2 aa ld fa a & fe z aw < 2s m a aw 


1951--+----- 13 0.5 52 14 41 0 172 107 19 o-- 5.7 344 140 «188 18 1,760 8.1 13 7,500 
1952-=<=<<5 12 0.3 52 14 30 0 168 81 17 so= 5.8 313 137189 15 1,400 8.0 13 6,800 
1953--2---<- 14 0.4 59 18 47 0 198 125 21 0.4 5.2 402 165 223 12 1,100 8.2 14 5,500 
1954-------- 14 0.2 60 19 57 0 196 162 23 0.5 4.6 403 162 230 ll 760 8.1 15 5,300 
1955---=----- ll 0.8 53 16 51 0 169 118 21 0.5 5.8 370 138 196 15 890 8.0 15.5 5,200 
1956+~<--<=< ll 15 56 17 58 0 182 139 26 0.5 4.5 410 149211 13 500 8.0 15 4,000 
1957eene-o-- ll 0.9 54 18 55 0 178 136 26 0.5 4.4 404 146 207 14 500 8.2 15.5 4,000 
1958----+==- 10 0.9 50 15 43 0 160 107 24 0.4 52 339 132 185 17 700 8.0 15 9,800 
1959-=----- 12 3.5 53 14 42 0 176 98 24 0.4 4.6 338 144 192 20 700 8.0 15 5,100 
1960------=- 12 1.3 55 16 44 0 183 103 23 0.5 4.4 351 151 = 204 19 900 8.1 15 5,400 
1961-------- 12 12 57 16 46 0 187 107 22 0.4 4.9 367 153 208 18 850 8.1 14.5 19,000 
1962-------- ll 1.2 51 13 34 0 170 80 17 0.3 4.5 302 139 183 21 700 8.1 14 8,500 
1963-------- 13 1 | 64 18 49 0 206 119 23 0.5 5.4 425 169 233 19 700 8.2 15 8,700 
1964-------- 12 0,8 64 19 63 0 199 157 29 0.5 4.6 479 163-238 15 475 8.1 15 6,800 
1965--+----== 10 0.9 55 15 54 0 170 130 24 0.5 4.8 391 140 200 16 860 8.0 15 13,000 
1966=---<=-- 10 1.4 58 14 42 0 185 112 23 0.4 4.2 362 153 204 16 700 8.1 14.5 21,000 
1967--+----- 11 1.8 59 18 59 0 198 143 26 0.4 356 436 165 220 16 309 8.0 14 5,100 
1968----=-== 9.2 Te 55 15 49 0 180 120 21 0.4 3.3 384 148 = =201 18 364 8,0 14 9,900 
1969-------- ll 1.0 55 14 46 0 163 120 21 0.4 5.7 378 138 896194 17 383 8.1 14 12,000 
1970--<---<= 10 0.8 57 16 43 0 190 109 20 0.4 4.5 383 156 208 13 396 8.0 13,5 19,000 
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APPENDIX 6 


Summary of annual average water-quality characteristics of the Mississippi River 
at Chain of Rocks Plant at St. Louis, Missouri, 1951-70; analyses by City of St. Louis 


Milligrams per liter 
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1951-------- 13 0.4 50 14 38 1 162 101 18 eee- §=65,.8 325 135 186 17 1,400 7.8 13.5 7,300 
1952---nnnc- 14 0,3 51 15 32 1 166 82 18 eee- 65,5 311 138 189 18 1,200 7.8 14.5 19,000 
1953-------- 15 0.2 57 18 46 L 190 122 21 0.3 S33 381 158 217 14 960 8.0 15.5 7,700 
1954-------- 14 0.2 58 19 56 1 187 153 23 0.4 4.5 423 155 225 15 700 8.0 15.5 5,600 
1955-------- 12 0.3 53 16 45 L 164 L14 23 0.4 6.1 364 136 195 17 850 8.0 15.5 7,700 
1956-------- LL 0.3 55 17 51 1L 176 130 26 0.3 5.8 409 146 207 15 400 8.0 15 4,900 
1957-+------- 10 0.4 53 LZ 50 p| L71 131 25 0.4 4.5 393 142 203 16 400 ras. 15.5 5,600 
1958-------- lL 0,3 SL 14 37 l 156 102 23 0.3 4.7 341 131 185 19 630 7.9 14.5 10,000 
1959-------- LL 0.3 52 14 35 1 167 90 23 0.3 4.3 331 139 188 19 565 8.0 15 10,000 
1960-------- 12 0.3 56 15 37 1 181 95 24 0.3 4.9 348 150 202 19 775 8.0 14.5 8,900 
196 1-------- LL 0.3 57 15 40 1 185 98 27 0.3 6.4 356 154 206 17 700 8.1 14.5 9,300 
1962-------- lL 0.3 52 13 30 1 168 75 21 0.3 5.9 300 139 185 20 662 8.1 14 16,000 
1963-------- 13 0.4 63 18 30 1 202 87 27 0.3 5.8 399 168 230 17 568 8.2 14 13,000 
1964-------- 12 0.2 62 19 39 1 197 104 31 0.4 5.5 450 163 233 13 342 8.2 15 7,200 
1965-------- ll 0.4 54 15 49 1 169 127 22 0.3 5.0 379 140 197 16 711 8.2 14 31,000 
1966-------- 1l 0.4 54 16 40 1 174 109 19 0.3 5.0 354 144 198 16 626 8.2 15 31,000 
1967-------- 9.8 0.6 58 18 53 1 186 141 23 0.4 4.4 409 159 219 13 258 8.0 14.5 10,000 
1968-------- 10 0.5 54 16 48 0 176 118 21 0.3 6.2 381 144 198 13 352 8.1 14.5 7,900 
1969-------- ll 0.2 54 14 47 0 170 121 20 0.2 Soa 370 130 194 13 348 8.2 14 48,000 
1970-------- 13 0.2 57 15 39 ie) 180 106 21 0.2 3.6 372 148 206 14 442 8.1 14.5 25,000 
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WATER RESOURCES OF THE ST. LOUIS AREA, MISSOURI 


APPENDIX 7 


DEFINITION OF TERMS AND 
CONVERSION OF UNITS 


Acre-foot — The volume of water required to cover 

one acre to a depth of 1 foot. 
1 acre-foot = 43,560 cubic feet 
= 325,851 gallons 

Alluvium — A general term for all detrital deposits 
resulting from the operations of modern rivers, 
thus including the sediments laid down in river- 
beds, floodplains and lakes. 


Anticline — A fold or arch of rock strata, dipping in 
opposite directions from an axis. 


Aquifer — A formation, group of formations, or 
part of a formation that contains sufficient 
saturated permeable material to yield significant 
quantities of water to wells and springs. 


Artesian water — Ground water under sufficient 
pressure to rise above the level at which the water- 
bearing bed is reached in a well. Ground water 
under artesian pressure is also called confined 
water. 


Confining bed — A body of relatively impermeable 
material stratigraphically adjacent to one or more 
aquifers. 

Connate water — Water entrapped in interstices of 
a sedimentary rock at the time the rock was 
deposited. 


Continuous-record station — A site on a stream 
where continuous records of discharge are 
obtained. 


Cubic feet per second (cfs) — The unit expressing 
rate of discharge. One cfs is the rate of discharge 
of a stream having a cross-sectional area of 1 
square foot and an average velocity of 1 foot per 
second. 
1 cfs = 7.48 U.S, Gallons per second 
= 449 U.S. Gallons per minute 
= 0.646 millions of U.S. gallons per day. 
Disconformity — An unconformity in which the beds 
on opposite sides are parallel. 


Dolomite — A term applied to rocks that approximate 
the mineral dolomite[ CaMg (CO3)9] in com- 
position. 
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Epicontinental sea — Those shallow portions of the 
sea which lie upon the continental shelf, and 
those portions which extend into the interior of 
the continent with like shallow depths, such as 
the Baltic Sea and Hudson Bay. 


Evapotranspiration — The movement of water into 
the atmosphere by the combined processes of 
direct evaporation and transpiration by plants. 


Fault — A fracture or fracture zone in the rocks 
along which there has been displacement of the 
two sides relative to one another, parallel to the 
fracture, 


Groundwater reservoir — See aquifer. 


Hydrology — The science that relates to the water 
of the earth. 


Intermittent stream — A stream that flows only part 
of the time or through only part of its reach. 


Lithology — The physical character of a rock. 


Loess — A sediment, commonly nonstratified and 
unconsolidated, composed dominantly of silt-size 
particles, with accessory clay and sand, deposited 
primarily by the wind. 


Low flow — The portion of stream discharge that is 
derived primarily from groundwater outflow. 


Partial-record station — A site on a stream where 
occasional discharge measurements have been 
collected over a period of years. 


Perennial stream — A stream that flows continuously 
throughout its reach. 


Permeability — A measure of the relative ease with 
which a porous medium can transmit a liquid 
under a potential gradient. 


Porosity — The property of a rock or soil con- 
taining voids. 


Potentiometric surface — A surface which represents 
the static head. As related to an aquifer it is 
defineu by the levels to which water will rise in 
tightly cased wells. 


Recharge — The addition of water to the zone of 
saturation. Infiltration of precipitation is a form 
of natural recharge. 


Recurrence interval — The average interval of time 
within which a given event will be exceeded 
once. Recurrence intervals are averages and do 
not imply regularity of occurrence; an event of 
50-year recurrence interval might be exceeded in 
consecutive years or it might not be exceeded in 
a 100-year period. In other words, a 50-year 
drought or flood has a 2-percent chance of 
occurrence in any year, 


Regional dip — The general inclination of strata over 
a large area in which they dip in one direction 
with or without interruptions. 


Residual errors — Ratio of observed values of stream- 
flow characteristics at gaging stations to the values 
computed from equations. 


Seepage run — A series of discharge measurements 
made in a short time to identify stream reaches 
where gains or losses in flow occur. 


7-day Qo — The annual minimum average discharge 
for seven consecutive days that will occur on an 
average of once in 2 years. This is an index to the 
low-flow potential of a stream and can be used 
as a guide in comparing one stream to another. 


Soil infiltration index — This value is the maximum 
potential difference, in inches, between storm 
rainfall and storm runoff. It is dependent on 
soil-water storage and infiltration rates of a 
watershed. 


Specific capacity — The rate of discharge of water 
from a well divided by the drawdown of water 
level in the well. If a well yields 500 gpm with a 
drawdown of 25 feet, its specific capacity is 
500/25 or 20 gpm per foot of drawdown. 
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Specific conductance — A measure of the capacity 
of water to conduct a current of electricity, 
expressed in micromhos per centimeter at 25°C. 
Conductance varies with the quantities of dis- 
solved mineral constituents and with the degree 
of ionization of the constituents as well as with 
the temperature of the water. It is useful in 
indicating the approximate concentration of 
mineral matter in water. 


Standard error of estimate — A measure of the 
reliability of a regression. It is the standard 
deviation of the distribution of residuals about 
the regression line. 


Storage coefficient — The volume of water an aquifer 
releases from or takes into storage per unit surface 
area of the aquifer per unit change in head. 


Transmissivity — The rate at which water of the 
prevailing kinematic viscosity is transmitted 
through a unit width of the aquifer under a 
unit hydraulic gradient. 


Transpiration — The process by which water vapor 
escapes from a living plant and enters the 
atmosphere. 


Tributary streams — Those streams that originate in 
or have much of their drainage basin in the project 
area, 


Unconformity — A surface of erosion or nondepo- 
sition that separates younger strata from older 
rocks. 


Water table — That surface in an unconfined water 
body at which the pressure is atmospheric. 
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